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Summary: From May-August 2015, the water quality of creeks flowing into Cootes Paradise
was monitored. While the Chedoke Creek subwatershed was the main focus of the study,
samples were taken from the Ancaster Creek and Spenser Creek subwatersheds, and a number of
smaller creeks that drained into the north end of Cootes Paradise as well. Besides these, some

samples were taken in the Red Hill Creek watershed as well.

At each sample site, temperature, pH, electrical conductivity, and dissolved oxygen were
recorded. Estimates of creek flow rate were determined as well, to allow estimates of total
contaminant load. Additionally, three water samples were taken and analyzed for nitrate,
phosphate and chloride concentrations in the lab. Single determinations of biological oxygen

demand, E. coli and total choliforms were made.

Water quality varied. A number of sites in the Chedoke Creek subwatershed (especially
Mountview, Cliffview and Chedoke Falls) consistently contained high concentrations of nitrate
(>3 ppm nitrate-N), phosphate (>0.1 ppm phosphate P), and chloride (>100 ppm chloride). Total
choliform and E. coli counts were also very high. Most samples collected from the Ancaster
Creek and Spenser Creek subwatersheds, and creeks that drained into the north end of Cootes
Paradise tended to contain lower levels of contaminants. Contaminant levels were also high in
some sites within the Red Hill Creek watershed as well; most sites containing higher

contaminant levels were storm outfalls.

These data indicate the main sources of contaminants entering Cootes Paradise, and

should serve as a useful baseline for ongoing monitoring as the city of Hamilton strives to



improve infrastructure in the future.
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1. Introduction

2. Methods

2.1. Sampling Dates and Locations

Samples were collected every week from May 26, 2015 — August 5, 2015. The Chedoke Creek
subwatershed was sampled six times in total, on May 20, June 1, June 16, July 2, July 15, and
July 29, 2015. The Sulphur Springs, Ancaster, and Tiffany creeks subwatersheds were sampled
on June 10, 2015. The Spencer Creek subwatershed was sampled on July 22, 2015. The
subwatersheds north of Cootes Paradise were sampled on August 5, 2015. The Red Hill Creek
watershed was sampled on May 27 and July 8, 2015. Cedar Haven Farm (A Rocha) was sampled
on May 26 and July 7, 2015.

2.2. Temperature, Dissolved Oxygen (DO), pH, Total Dissolved Solids (TDS) and
Flow Rate

At each sampling site, temperature (°C), DO (mg/L), pH, and TDS (uS) were measured using
calibrated handheld meters. Temperature and DO were measured with the Thermo Orion 3 Star
DO portable meter, while pH and TDS were measured with HI 98129 by Hanna Instruments.
Flow rate (m®/s) was estimated for most sampling sites using this formula: Flow Rate = ALC /T
where A (m?) is the average cross-sectional area of the stream, L (m) is the length of the stream
measured (usually between 1 and 3 m), C is a correction factor of 0.8 for rocky-bottom streams
and 0.9 for muddy bottom streams, and T () is the time, for a float to travel length of L (Wetzel

and Likens, 2000).



2.3. Nitrate

Nitrate was measured calorimetrically. Over the summer two methods were used. The first
method was with a LaMotte kit which used cadmium to reduce nitrate to nitrite. This method
was used until June 10, 2015. The second method used nitrate reductase to reduce the nitrate to

nitrite. All glassware was soaked with HCI overnight.

2.3.1 Reagents for Nitrate Test
(a) NaR (nitrate reductase) stock solution: ordered from NECi online

(http://nitrate.com/store/index.php/enzymes-and-reagent-packs/atnar/nitrate-reductace-

atnar-5-0-units). Upon arrival, NaR was dissolved in 1 mL of diluent as per instructions,

and 100 pL aliquots were stored in labelled snap-cap vials and kept frozen until use
(good for 6-12 months).

(b) NaR working solution was made immediately before use. One snap-cap vial with 100
pL stock NaR was thawed and 400 pL of the high range phosphate buffer solution (see
below) was added. This 500 uL working solution had an NaR activity of ~1 enzyme unit
per mL (1 unit of NaR activity can react 1 pmol NO3™ per min at pH 7.5 and 30°C).

(c) 25 mM EDTA solution: 0.93 g Na,EDTA was dissolved in 100 mL water.

(d) phosphate buffer solution (high range): 3.75 g KH,PO, and 1.4 g KOH were dissolved
in ~ 800 mL water; 1.0 mL 25 mM EDTA was added, the pH was adjusted to 7.5 with
KOH or HCI and the volume was brought up to 1.00 L.

(e) phosphate buffer solution (low range): 7.82 g KH,PO, and 2.9 g KOH were dissolved
in ~ 800 mL water; 2.08 mL 25 mM EDTA was added, the pH was adjusted to 7.5 with

KOH or HCI and the volume was brought up to 1.00 L.


http://nitrate.com/store/index.php/enzymes-and-reagent-packs/atnar/nitrate-reductace-atnar-5-0-units
http://nitrate.com/store/index.php/enzymes-and-reagent-packs/atnar/nitrate-reductace-atnar-5-0-units

() 2-3 mM NADH stock solution (made fresh right before use, keep on ice, and used
within 2-3 hrs): 0.0014 g NADH was dissolved per mL deionized water (the precise mass
is not important as long as NADH is p[resent in excess).

(9) colour solution: 10 mL 85% phosphoric acid was added to ~ 80 mL water, 1.0 ¢
sulfanilamide and 0.10 g N-(1-naphthyl)-ethylenediamine dihydrochloride were dissolved
in this solution and the volume was topped up to 100 mL (stable for 6 months).

(h) 100 ppm NO3 as N stock solution: 0.6071 g NaNO3 was dissolved in 1.00 L water.

(i) nitrate reduction solution (high range: ~ 1-10 ppm NO3" as N): The number of
standards and samples to be assayed was determined so that a sufficient volume of nitrate
reduction solution was made. NaR and NADH were be pipetted very carefully and mixed
well with buffer; then placed on ice; solution was used within an hour of being made. Per
blank, standard and sample, the following were mixed:

- 10 pL NaR working solution

- 25 uL NADH stock solution

- 865 L high range phosphate buffer
Total volume =900 pL / sample

(@  (j) nitrate reduction solution (low range: ~ 0.1-1 ppm NOj3 as N): The number of
standards and samples to be assayed was determined so that a sufficient volume of nitrate
reduction solution was made. NaR and NADH were be pipetted very carefully and mixed
well with buffer; then placed on ice; solution was used within an hour of being made. Per
blank, standard and sample, the following were mixed:

- 10 pL NaR working solution

- 25 uL NADH stock solution



- 415 pL chilled low range phosphate buffer

Total volume =450 pL / sample

2.3.2. Procedure for Nitrate Test

High Range (~ 1 - 10 ppm):

=

0, 1.0, 2.0, 4.0, 6.0, and 8.0 ppm NO3 as N were made in 25 mL volumetric flasks.

2. 50 pL of each blank, standard, or sample was added to 3 mL test tubes.

3. 900 uL of high range nitrate reduction solution was added to each tube and mixed well
with a vortex mixer.

4. The tubes were placed in a 30°C water bath for 30 min.

5. Tubes were removed from warm water bath and100 pL of color solution was added.
Tubes were mixed well with a vortex mixer.

6. After 10 minutes, full color had developed the tubes were poured into square plastic
semi-micro cuvettes (1.5 mL) and absorbance was read by a SpectroVis Plus
spectrophotometer at wavelength of 543 nm.

7. A calibration curve was made by plotting absorbance on the y-axis and nitrate plus nitrite

concentration on the x-axis. The calibration was used to determine the nitrate plus nitrite

concentration of each sample.
Low Range (~ 0.1 -1 ppm):

1. 0,0.10, 0.20, 0.50, 0.75 and 1 ppm NO3" as N were made in 25 mL volumetric flasks.
2. 500 pL of each blank, standard, or sample was added to 3 mL test tubes.
3. 450 pL of low range nitrate reduction solution was added to each tube and mixed well

with a vortex mixer.



4. The tubes were placed in a 30°C water bath for 30 min.

5. Tubes were removed from warm water bath and100 pL of color solution was added.
Tubes were mixed well with a vortex mixer.

6. After 10 minutes, full color had developed the tubes were poured into square plastic
semi-micro cuvettes and absorbance was read by a SpectroVis Plus spectrophotometer at
wavelength of 543 nm.

7. A calibration curve was made by plotting absorbance on the y-axis and nitrate plus nitrite
concentration on the x-axis. The calibration was used to determine the nitrate plus nitrite

concentration of each sample.

2.4. Phosphate
Phosphate was tested calorimetrically using the ammonium molybdate method. Absorbance (at
885 nm) was measured with a spectrophotometer and from that a calibration curve was used to

determine phosphate concentration. All glassware was soaked in HCI overnight.

2.4.1. Reagents for Phosphate Test

(a) Sulphuric acid, 2.5 M: 70 mL of conc. H,SO,4 was diluted to 500 mL.

(b) Potassium antimonyl tartrate: 1.3715 g was dissolved in a 500 mL water.

(c) Ammonium molybdate: 20 g of ammonium molybdate was dissolved in 500 mL water and
stored at 4°C.

(d)Ascorbic acid, 0.1 M: 1.76 g of ascorbic acid was dissolved in 100 mL water. Solution was

stable for about 1 week at 4°C.

(e) Phosphate Standard (5 ppm PO4-P): 219.5 mg anhydrous KH,PO,4 was dissolved in 1.00 L

of water and diluted by a factor of 10 to give a concentration of 5 ppm PO,4-P.



(F) Combined reagent (sufficient for 10 samples): The above reagents were brought to room
temperature and added in the following proportions (mixing after each addition) to prepare 40
mL of reagent: 20 mL 2.5 M H,SO4, 2.0 mL potassium antimonyl tartrate solution, 6.0 mL
ammonium molybdate solution, and 12 mL ascorbic acid solution. If turbidity formed in the
combined reagent, it was shaken for a few minutes until the turbidity disappeared before

proceeding.

2.4.2. Procedure for Phosphate Test
1. Using 5 ppm PO, eight calibration standards were made in 25 mL volumetric flasks and
poured into 50 mL beakers. The calibration standards used were 0.02, 0.05, 0.1, 0.2, 0.4,

0.6, and 0.8 ppm PO4,—P

2. 25 mL of each water sample and the quality control samples were measured into 50 mL

beakers using a graduated cylinder.

3. 4.0 mL of the combined reagent was added to each of the calibration standards (including
the blank) and each of the water samples. Samples and calibration standards were mixed
thoroughly. Before measuring the absorbance, the samples sat for at least 10 minutes to

unsure full development of blue color.

4. Within 30 minutes of adding the reagent, the absorbance was measured at 885 nm in a cell
with a 10-cm path-length using a spectrophotometer (Thermoscientific Genesys 20
UV/VIS). A calibration curve was constructed by plotting absorbance on the y-axis vs and
PO,—P concentration on the x-axis. The calibration curve was used to determine the

phosphorus as phosphate concentrations in the water samples.
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2.5. Chloride

Chloride concentration was measured using an ion selective electrode.

2.5.1. Procedure for Chloride Test

1.

A stock solution of 1000 ppm chloride was used to make four calibration standards in 25
mL volumetric flasks. The calibration standards used were 10, 50, 100, and 1000 ppm CI".

Calibration standards were poured into small plastic containers.

25 mL of each water sample were measured into small plastic containers, using a graduated

cylinder.

500 pL of the ion-strength adjusting solution (5 M NaNO3) was added to each of the

calibration standards and the water samples using a micropipette.
The voltages of each of the solutions were measured using the Chloride ion selective

electrode (Vernier).

A calibration curve was constructed by plotting voltage on the y-axis vs. log [CI] on the x-
axis. The calibration curve was used to determine the chloride concentrations in the water

samples.

2.6. E. coli and Total Coliform

E. coli and total coliform counts were determined using the Coliscan Easygel system

(Microbiology Laboratories).

2.6.1. Procedure for measuring E.coli and total choloform

1. Depending on how much E. coli and total coliform was expected in a sample, between

0.01 and 3 mL of each sample were sterilely transferred with a micropipette into a bottle
of Coliscan Easygel medium. Each bottle was swirled to mix the water sample and

11



medium, then poured into appropriately labeled petri dish. The lid was placed back on the
petri dish and gently swirled until the entire dish was covered with liquid. The petri

dishes were then wrapped in parafilm.

2. The petri dishes sat out for about 45-60 minutes until the liquid turned into a gel. Then

each dish was placed upside down in an incubator set at 35°C for 24 hours.

3. After 24 hours in the incubator, all the purple (E. coli) colonies that formed on the surface
of the gel of the petri dish were counted. All the pink (other coliforms) colonies were
counted. Total coliform bacteria was determined by adding the pink and the purple

colonies counted. The number of colonies per 100 mL of each sample was calculated

. . # coloni ted
using the following formula; ————> 22222 5 10 .
volume of sample (mL)

2.7. Five-Day Biological Oxygen Demand (BOD:s)
2.7.1. Solutions required for BODs Test

a) Phosphate buffer: 8.5 g KH,POy, 21.75 g K,HPOy,, 33.4 g Na;HPO,4-7 HO and 1.7 g
NH,4CI were dissolved in approximately 800 mL DI water. The pH was measured (and
adjusted to 7.2 with NaOH or HCI if required), and volume was brought up to 1.00 L with

DI water.

b) MgSOg: 22.5 g MgSO,-7 H,0 was dissolved in approximately 800 mL DI water and

diluted to 1.00 L.

c) CacCly: 27.5 g CaCl, was dissolved in approximately 800 mL DI water and diluted to 1.00

L.

d) FeCls: 0.25 g FeCl3-6H,0 was dissolved in approximately 800 mL DI water and diluted to

1.00 L.

12



e) 1M H2804
f) 1 M NaOH

g) Glucose-glutamic acid solution: 150 mg glucose and 150 mg glutamic acid were
dissolved in approximately 800 mL DI water and diluted to 1.00 L; glucose and glutamic
acid were dried in an oven at ~ 100°C for ~ 1 h and then cooled to room temperature before

being weighed. This solution was prepare fresh immediately before use.

2.7.2. Procedure for Determining BODs

1. Water samples were brought to 204+3°C.

2. Dilution water was made by adding 1.0 mL phosphate buffer, 1.0 mL MgSO,, 1.0 mL
CaCl; and 1.0 mL FeCl; to approximately 800 mL DI water and diluting to 1.00 L.

3. To each 300 mL BOD bottle a magnetic stir bar was added and the bottles were filled
with 300 mL of water samples. Samples that were suspected to have high BODs values
were diluted with dilution water in either a 1 in 3 ratio or 1 in 10 ratio of sample to
dilution water.

4. The samples were verified to be between pH of 6 and 8. If the sample was out of that pH
range, the sample pH was adjusted using H,SO,4 or NaOH.

5. To two BOD bottles, a magnetic stir bar was added and the bottles were filled with
dilution water. These served as blanks.

6. To two BOD bottles, magnetic stir bars, 6.0 mL (2% dilution) of glucose glutamic acid
solution, 1.0 mL of water from a contaminated site to act as seed, and dilution water were
added. These glucose-glutamic acid check solutions served as the quality control

standards and were expected to have a BOD; value of 198 +30.5 mg/L.

13



7.

10.

11.

Samples, blanks, and glucose-glutamic acid check solutions were set on the magnetic stir
plate and stirred gently. Initial DO levels were measured using a calibrated DO meter.
Initial DO levels were recorded. If the initial DO level was lower than 1 mg/L, the
sample, blank, or quality control standard was aerated with a fish tank bubbler to increase
DO level.

Each BOD bottle was sealed with a BOD stopper ensuring that no bubbles were left in
the bottles causing results to be artificially high. Deionized water was then added around
the lip of the flared BOD bottle neck to ensure a seal so that no oxygen could escape or
enter the samples. 100 mL glass beakers were placed over the necks of the BOD bottles
to keep the water from evaporating.

The bottles were placed in a dark drawer at 20°C for five days. Bottles remained in the
dark to ensure that any photosynthetic organisms present would not carry out
photosynthesis which would add DO to water samples.

After five days, BOD bottles were placed on a magnetic stir plate. With a calibrated DO
meter, the DO levels of all blanks, glucose-glutamic acid check solutions, and samples
were read and recorded in mg/L. When stirring, the speed of the magnetic mixer was set
to move the water well, but not so fast that a vortex formed which would draw in extra
air and cause bubbles to form in the water.

After five days, BODs levels were calculated using the following formula:

DO, — DO
o, = 00~ 009

BOD:s is the five-day biological oxygen demand (mg/L)

14



DOy is the DO level (mg/L) immediately after the sample is prepared
DO:s is the DO level (mg/L) after sitting for five days
P is the decimal fraction of the dilution

- if undiluted, 300 mL/300 mL = 1.0

- if a 2% dilution was used, 6.0 mL/300 mL = 0.020

Notes: 1) By the end of the test, DO levels should be at least 1 ppm.
2) By the end of the test, DO levels should be at least 1 ppm less than at the beginning.
3) The BODs of the blank should not be more than 0.2 mg/L
4) The BODs of the glucose-glutamic acid check solution should be 198+30.5 mg/L
5) When seeding, the BODs of the seed solution must be corrected for using the

following formula:

(DO — DOs) — (f - (Bo — Bs))

BOD; = >

f is the ratio of seed volume a test solution to seed volume in BOD test on pure seed
-if 1 mL of seed was used to seed a test solution, and the BOD of the seed solution was
tested undiluted then f = 1/300 = 0.0033

By is the DO level (mg/L) of the seed water immediately after the sample is prepared

Bs is the DO level (mg/L) of the seed water after sitting for five days

15



3. Results

3.1 Chedoke Creek Subwatershed

The Chedoke Creek subwatershed drains into the eastern end of Cootes Paradise at Princess
Point. Twelve sites were sampled within the watershed (Fig 1). The sample sites were chosen to

give an overview of all the creeks of the Chedoke Creek subwatershed flowing into Cootes

Paradise.
' Cootes Paradise
it ‘ Chedoke Civic
Stroud Park 'Golf Cousle 3
Westcliffe/Cliffview '
Falls ' )
3 . Chedoke Falls
Princess Mounitview ' = Wcliffview Falls
./ Falls Falls Sanatorium ¢
Scenic Falls - Westcliffe
Falls .. £ s,Falls
Lang'sPark, ey e -
\

Figure 1. Map of sites sampled of the Chedoke Creek subwatershed.
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3.1.1. Flow Rate

The results of proportional average flow rate of the seven waterfalls are presented in figure 2.
Chedoke Falls clearly contributes to most of the flow entering Cootes Paradise from the Chedoke
Creek subwatershed. The flow rate of Mountview falls was so minimal that it could not be

measured and is estimated to make up less than 1% of the total flow.

Proportional Average Flow Rate of the 7 Waterfalls of
the Chedoke Creek Subwatershed

B Scenic Falls

M Frincess Falls

B Mountvievws Falls
! Sanatorium Falls

m Westcliffe Falls

m Cliffview Falls

W Chedoke Falls

Figure 2. Proportional flow rate of Scenic, Princess, Mountview, Sanatorium, Westcliffe,

Cliffview and Chedoke Falls.
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3.1.2. Nitrate

The concentration of nitrate plus nitrate at the various sampling locations on different dates is
presented in Figure 3. Nearly all the data points exceed the long term exposure limit for the
protection of aquatic life of 3 ppm NO3-N (CCME, 2012). The nitrate levels of the different
sampling dates vary somewhat but Mountview Falls and Cliffview Falls routinely have the
highest concentration of nitrate plus nitrite. The quality control expected concentration is 5.9

ppm NOs3-N.

Nitrate plus Nitrite Concentration
Chedoke Creek Watershed

mm 20-May

S 7
© m— 01-Jun
c 6
]
£z
= 5
S 16-Jun
g,
5% I
=4 Q 3 el . ..... RIS BN R ..ot oo odhs e
L ‘ s 02-Jul
a
@ 2
o
ﬁZ: 1  15-Jul
o SEAER WERRNERENE, L
PP PPPPPPP Ly er
O QN N @ Lo D9
T PN L TR IS OO
Q/QQ\k\Q\\\A\on,bQ\&OA
Q’QQ'*@\»& & & Q/%\?.\s\s\\ NSRS
@0 (,)'b*\'{@\(’$ © (,(Joo OA\Q e Long term exposure limit
& NG for the protection of
& EY aquatic life (ppm)
N &

Quality Control expected
concentration: 5.9 ppm NO3™-N

Figure 3. Nitrate plus nitrite concentration of the Chedoke Creek subwatershed.
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The average nitrate plus nitrite concentrations are presented in Figure 4. Nitrate plus nitrite
concentration of Mountview Falls, Westcliffe/Cliffview Falls, Cliffview Falls, Chedoke Falls,
and Lang’s Park exceed the long term exposure limit for the protection of aquatic life of 3 ppm

NO3-N (CCME, 2012). The quality control expected concentration is 5.9 ppm NO3™-N.

Average Nitrate plus Nitrite Concentration
Chedoke Creek Subwatershed

Nitrate plus Nitrite Concentration

Figure 4. Average nitrate plus nitrite concentration of the Chedoke Creek subwatershed.
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Figure 5 shows the proportional nitrate load that each of the seven waterfalls carry into Cootes
Creek and Cootes Paradise. The load of Mountview falls could not be determined because flow
rate could not be measured but it would be less than 7% of the total nitrate load. Chedoke falls by
far contributes the greatest nitrate plus nitrite load into Cootes Creek and Cootes Paradise.
Although Cliffview falls makes up only 3% of the total flow, it contributes 7% of nitrate plus

nitrite load.

Proportional Nitrate Load

M Scenic Falls

WPrincessFalls

E Mountview Falls
1 Sanatorium Falls

W Westcliffe Falls

B Cliffview Falls

W Chedoke Falls

Figure 5. Proportional nitrate load of Scenic, Princess, Mountview, Sanatorium, Westcliffe,

Cliffview and Chedoke Falls.
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3.1.3. Phosphate

The concentration of phosphate at the various sampling locations on different dates is presented
in Figure 3. Except for Scenic Falls and on July 2 Sanatorium Falls, all the data points exceed
Environment Canada’s limit to avoid eutrophication of 0.035 ppm PO4>-P (Environment
Canada, 2013). Most of the phosphate concentrations even greatly exceed Environment Canada’s
limit to avoid hyper-eutrophication of 0.1 ppm PO,>-P (Environment Canada, 2013). The quality

control expected concentration is 0.23 ppm PO4>-P.
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Phosphate Concentration
Chedoke Creek Subwatershed

1
_ mmm 20-May
0.9
0.8 s 01-Jun
- 0.7
i)
E 16-Jun
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2 "
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% g_ . 02-Jul
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=
0.3
I 15-Jul
0.2
0.1 I 29-Jul
0
LR EFE 5L E Environment Canada's
Q?\ limit to avoid hyper-
5%

eutrophication (ppm)

--------- Environment Canada's
limit to avoid
eutrophication (ppm)

Quality Control expected concentration:
0.23 ppm PO,*"-P

Figure 6. Phosphate concentration of the Chedoke Creek subwatershed.
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The average phosphate concentrations are presented in Figure 7. Average phosphate
concentrations of all sampling sites except Scenic Falls greatly exceed Environment Canada’s
limit to avoid eutrophication of 0.035 ppm PO,>-P (Environment Canada, 2013). Average
phosphate concentrations of all sites except Scenic Falls and Sanatorium Falls even exceed
Environment Canada’s limit to avoid hyper-eutrophication of 0.1 ppm PO,*-P (Environment

Canada, 2013). The quality control expected concentration is 0.23 ppm PO4>-P.

Average Phosphate Concentration
Chedoke Creek Subwatershed

0.7
c 0.6
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S _05
€ a
8 %, 04
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--------- Environment Canada's limit to avoid hyper-eutrophication (ppm)

--------- Environment Canada's limit to avoid eutrophication (ppm)

Figure 7. Average phosphate concentration of the Chedoke Creek subwatershed.
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Figure 8 shows the proportional phosphate load that each of the seven waterfalls carry into
Cootes Creek and Cootes Paradise. The load of Mountview Falls could not be determined
because flow rate could not be measured but it would be less than 11% of the total phosphate
load. Chedoke Falls by far contributes the greatest phosphate load into Cootes Creek and Cootes
Paradise. Although Cliffview Falls makes up only 3% of the total flow, it contributes 11% of

phosphate load.

Proportional Phosphate Load

B Scenic Falls

M Princess Falls
Sanatorium Falls

B Westcliffe Falls

| Cliffview Falls

W Chedoke Falls

Figure 8. Proportional phosphate load of Scenic, Princess, Mountview, Sanatorium, Westcliffe,

Cliffview and Chedoke Falls.
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3.1.4. Chloride

The concentrations of chloride at the various sampling locations on different dates are presented
in Figure 9. The concentrations vary greatly depending on the sampling date. The chloride
concentrations of all sites on most dates exceed the Canadian freshwater long term exposure
limit for the protection of freshwater aquatic life of 120 ppm CI" (CCME, 2011). On a few
sampling dates, Sanatorium Falls and Cliffview Falls exceed the Canadian freshwater short term
exposure limit for the protection of freshwater aquatic life of 640 ppm CI" (CCME, 2011). The

quality control expected concentration is 106.8 ppm CI".
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Figure 9. Chloride concentration of the Chedoke Creek subwatershed.
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The average chloride concentrations are presented in Figure 7. Average chloride concentrations
of all sampling sites exceed the Canadian freshwater long term exposure limit for the protection
of freshwater aquatic life of 120 ppm CI" (CCME, 2011). Cliffview Falls has the highest average
chloride concentration: just exceeding the Canadian freshwater short term exposure limit for the
protection of freshwater aquatic life of 640 ppm CI" (CCME, 2011). The quality control expected

concentration is 106.8 ppm CI".

Average Chloride Concentration
Chedoke Creek Subwatershed

Chloride Concentration
(ppm
= N w N
o o o o
o o o o
%
[
ot
[ —
my -~
[
R S
mE -~
L
[

RY S < S [9)
& & 4\‘3 ;\\\’6\ 4‘\?7‘& & \\\Q’$ Nl ° & N N
N . T A N T

& S s&\(f N\ (P 04\0 0
N e
e‘;& 6&
N ¥

--------- Long term exposure limit for the protection of freshwater aquatic life

--------- Short term exposure limit for the protection of freshwater aquatic life

Figure 10. Average phosphate concentration of the Chedoke Creek subwatershed.
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Figure 11 shows the proportional chloride load that each of the seven waterfalls carry into
Cootes Creek and Cootes Paradise. The load of Mountview falls could not be determined
because flow rate could not be measured but it would be significantly less than 6% of the total
chloride load. Chedoke falls by far contributes the greatest chloride load into Cootes Creek and

Cootes Paradise.

Proportional Chloride Load

B Scenic Falls

W PrincessFalls

m Mountview Falls
Sanatorium Falls

W \Westcliffe Falls

m Cliffview Falls

W Chedoke Falls

Figure 11. Proportional chloride load of Scenic, Princess, Mountview, Sanatorium, Westcliffe,

Cliffview and Chedoke Falls.
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3.1.5. Total Coliforms

Figure 12 presents the number of total coliform colonies at the different sampling sites over the
summer. Mountview Falls and Cliffview Falls had consistenly high coliform counts and Cootes
Paradise had an extremely high coliform count on July 15 so total coliforms are graphed on two
scales with separate axises. The province of Ontario’s recreational limit for total coliforms is

2400 colonies per 100 mL (www.cbc.ca/news/canada/hamilton/news/alarming-bacteria-levels-

in-major-hamilton-creek-1.1141484). The limit is greatly exceeded by nearly all the water

samples.
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Figure 12. Total coliform colonies of the Chedoke Creek subwatershed.
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3.1.6. E. coli

Figure 13 presents the number of E. coli colonies at the different sampling sites over the summer.
Mountview Falls and Cliffview Falls had consistenly high E. coli counts and Cootes Paradise
had an extremely high E. coli count on July 15 so E. coli colonies are graphed on two scales with
separate axises. The province of Ontario’s recreational limit for E. coli is 100 colonies per 100

mL (www.cbc.ca/news/canada/hamilton/news/alarming-bacteria-levels-in-major-hamilton-creek-

1.1141484). The limit is significantly exceeded by nearly all the water samples and by all the
sampling sites. Most samples even greatly exceed the City of Hamilton’s by-law for E. coli

colonies of 2400 colonies per 100 mL (City of Hamilton By-Law NO. 04-150, 1999).
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Figure 13. E. coli colonies of the Chedoke Creek subwatershed.
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3.1.7. BODs

The average BODs values of the various sites of the Chedoke Creek subwatershed are presented
in Table 1. Most sites had a BODs value of less than 2 mg/L. Cootes Paradise has the greatest
average BODs value of 7.6 +1.4 mg/L, followed by the most contaminated site, Cliffview Falls,
which had an average BODs value of 7.4 £1.0 mg/L. Mountview Falls is the other waterfall to
have an average BODs value greater than 2 mg/L. It is the second most contaminated waterfall
and had an average BODs value of 4.5 + 0.9 mg/L. Uncontaminated water typically has a BOD5
value of less than 1 mg/L. Contaminated water typically has a BODs value from 2-8 mg/L

(Hocking, M.B., 1998).

Table 1. Average 5 day biological oxygen demand of sites of the Chedoke Creek subwatershed

5 Day Biological Oxygen Average
Demand of Chedoke BOD:s *

Creek Subwatershed Standard

Error

(mg/L)
Scenic Falls <2
Princess Falls <2
Mountview Falls 45+0.9
Sanatorium Falls <2
Westcliffe/Cliffview Falls <2
Westcliffe Falls <2
Cliffview Falls 74+1.0
Chedoke Falls <2
Cootes Paradise 7614
Lang’s Park <2
Chedoke Civic Golf <2
Course
Stroud Park <2
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3.1.8. Comparison of the Chedoke Creek Subwatershed to 2012 and 2014

Figure 14 compares the nitrate concentrations of the summer 2015 Chedoke Creek subwatershed
water quality research to corresponding data from Redeemer University College’s Analytical
Chemistry class from 2012 and 2014. Nitrate concentrations at Scenic Falls, Princess Falls,

Mountveiw Falls, Westcliffe/Cliffview Falls, and Chedoke Falls have remained fairly steady

from 2012 to 2015.

Nitrate Concentration from 2012-2015
Chedoke Creek Subwatershed
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Figure 14. Nitrate concentration from 2012-2015 of the Chedoke Creek subwatershed.
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Figure 15 compares the phosphate concentrations of the summer 2015 Chedoke Creek
subwatershed water quality research to corresponding data from Redeemer University College’s
Analytical Chemistry class from 2012 and 2014. Phosphate concentrations at Scenic Falls,
Princess Falls, Mountveiw Falls, Westcliffe/Cliffview Falls, and Chedoke Falls have remained
fairly steady from 2012 to 2014. However, except for Scenic Falls, the phosphate concentrations

are lower in summer 2015.
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Figure 15. Phosphate concentration from 2012-2015 of the Chedoke Creek subwatershed.
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Figure 16 compares the chloride concentrations of the summer 2015 Chedoke Creek
subwatershed water quality research to corresponding data from Redeemer University College’s
Analytical Chemistry class from 2012 and 2014. Chloride concentrations at Scenic Falls,
Princess Falls, Mountveiw Falls, Westcliffe/Cliffview Falls, and Chedoke Falls change with no
apparent pattern. However, the chloride concentrations appear to be slightly higher in summer

2015.
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Figure 16. Chloride concentration from 2012-2015 of the Chedoke Creek subwatershed.
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Figure 17 compares the amount of coliform colonies from the summer 2015 Chedoke Creek

subwatershed water quality research to corresponding data from Redeemer University College’s
Analytical Chemistry class from 2012 and 2014. Total coliform counts at Scenic Falls, Princess
Falls, Westcliffe/Cliffview Falls, and Chedoke Falls are similar year to year. In 2012 Mountview

Falls had a much greater total coliform count.
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Figure 17. Total Coliforms from 2012-2015 of the Chedoke Creek subwatershed.
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Figure 18 compares the average number of E. coli colonies from the summer 2015 Chedoke
Creek subwatershed water quality research to corresponding data from Redeemer University
College’s Analytical Chemistry class from 2012 and 2014. Average E. coli at Scenic Falls,
Princess Falls, Westcliffe/Cliffview Falls, and Chedoke Falls are similar year to year. In 2012

Mountview Falls had a much greater average E. coli count.
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Figure 18. Total Coliforms from 2012-2015 of the Chedoke Creek subwatershed.
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3.2. Other Cootes Paradise Watersheds

The main subwatersheds that drain into Cootes Paradise are Sulphur Springs Creek
subwatershed, Ancaster Creek subwatershed, Tiffany Creek subwatershed, Spencer Creek
subwatershed, the subwatersheds north of Cootes Paradise, and Chedoke Creek subwatershed.
Figure 25 shows the 32 different locations that were sampled on one of three different dates over
the course of the summer. The Sulphur Springs Creek, Ancaster Creek, and Tiffany Creek
subwatersheds were sampled on June 10, 2015. The Spencer Creek subwatershed was sampled

on July 22, 2015. The Subwatersheds north of Cootes Paradise were sampled on August 5, 2015.
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Figure 25. Map of the 32 sampling locations of the subwatersheds of Cootes Paradise (excluding
Chedoke Creek subwatershed).
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3.2.1. Flow Rate

The results of proportional flow rate of the four main subwatersheds of Cootes Paradise are
presented in figure 26. The Spencer Creek Subwatershed clearly contributes to most of the flow
entering Cootes Paradise out of the four subwatersheds making up 55% of the flow. The
subwatersheds north of Cootes Paradise are relatively insignificant to the flow entering Cootes

Paradise contributing only 2% of the flow.

Relative Flow Rate of the Four Main Subwatersheds
of Cootes Paradise

B Sulphur Springs, Ancaster, and Tiffany
Creeks Subwatersheds

M Spencer Creek Subwatershed

B Subwatersheds North of Cootes
Paradise

B Chedoke Creek Subwatershed

Figure 26. The proportional relative flow rate of the four main subwatersheds that drain into
Cootes Paradise.
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3.2.2. Nitrate

The concentrations of nitrate plus nitrate at the various sampling locations are presented in
Figure 27. Only three sample sites, creek at 4™ Conc., Desjardins Canal, and West Pond, exceed
the long term exposure limit for the protection of aquatic life of 3 ppm NO3z-N (CCME, 2012).
Desjardin’s Canal and West Pond have such a high nitrate plus nitrite concentration that they
surpass drinking water maximum acceptable concentration of 10 ppm NO3-N (CCME, 2012).

The quality control expected concentration is 5.9 ppm NO3™-N.
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Figure 27. Nitrate plus nitrite concentration of the subwatersheds of Cootes Paradise.
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3.2.3. Phosphate

The concentrations of phosphate at the various sampling locations are presented in Figure 28.
Most of the sites of the Sulphur Springs, Ancaster, and Tiffany Creeks subwatersheds, and
Spencer Creek subwatershed are within Environment Canada’s limit to avoid eutrophication of
0.035 ppm PO4>-P (Environment Canada, 2013). However, the phosphate concentrations of the
sites of the subwatersheds north of Cootes Paradise have higher phosphate concentrations. Many
exceed Environment Canada’s limit to avoid hyper-eutrophication of 0.1 ppm PO,>-P

(Environment Canada, 2013). The quality control expected concentration is 0.23 ppm PO,>-P.
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Figure 28. Phosphate concentration of the subwatersheds of Cootes Paradise.
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3.2.4. Chloride

The concentrations of chloride at the various sampling locations are presented in Figure 29. The
chloride concentration of some sites, especially the sites of the Sulphur Springs, Ancaster, and
Tiffany Creeks subwatersheds, exceed the Canadian freshwater long term exposure limit for the
protection of freshwater aquatic life of 120 ppm CI" (CCME, 2011). Only the chloride
concentration of Filman Falls exceeds the Canadian freshwater short term exposure limit for the
protection of freshwater aquatic life of 640 ppm CI" (CCME, 2011). The quality control expected

concentration is 106.8 ppm CI'.
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Figure 29. Chloride concentration of the subwatersheds of Cootes Paradise.
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3.2.5. Total Coliforms
Figure 30 presents the number of total coliform colonies at the different sampling sites. The
province of Ontario’s recreational limit for total coliforms is 2400 colonies per 100 mL

(www.chc.ca/news/canada/hamilton/news/alarming-bacteria-levels-in-major-hamilton-creek-

1.1141484). Many of the samples were within the recreational limit; less than one third of the

sites sampled exceed it.
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Figure 30. Total coliform colonies of the subwatersheds of Cootes Paradise.
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3.2.6. E. coli
Figure 31 presents the number of E. coli colonies at the different sampling sites. No E. coli
colonies were found for some of the sites. The province of Ontario’s recreational limit for E. coli

is 100 colonies per 100 mL (www.cbc.ca/news/canada/hamilton/news/alarming-bacteria-levels-

in-major-hamilton-creek-1.1141484). Except for the Sulphur Springs, Ancaster, and Tiffany

Creeks subwatersheds, most sites are withing the recreational limit. All sampled sites are withing
the City of Hamilton’s by-law for E. coli colonies of 2400 colonies per 100 mL (City of

Hamilton By-Law NO. 04-150, 1999).
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Figure 31. E. coli colonies of the subwatersheds of Cootes Paradise.
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3.2.7. BODs

All but four of the sampling sites of the subwatersheds of Cootes Paradise had a BODs value of
less than 2 mg/L. Only Christie’s Reservoir, Desjardins Canal, West Pond, and Marshwalk had
BOD;s values greater than 2 mg/L. The BODs values of the sites of the subwatersheds of Cootes
Paradise that are greater than 2 mg/L are presented in Table 3. Uncontaminated water typically
has a BODs value of less than 1 mg/L. Contaminated water typically has a BODs value from 2-8

mg/L (Hocking, M.B., 1998).

Table 3. Average 5 day biological oxygen demand of sites of the subwatersheds of Cootes
Paradise.

5 Day Biological Oxygen Average
Demand of Chedoke BODs

Creek Subwatershed (mg/L)

Christie’s Reservoir 2.1
Desjardins Canal 4.9
West Pond 2.5
Marshwalk 10.2
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3.3. Red Hill Creek Watershed

The Red Hill Creek watershed drains into Hamilton Harbour. Figure 19 shows the location of the
sixteen sites sampled. 8 samples were taken from the Davis and Red Hill creeks nearby the storm
sewer outfalls and 8 samples were taken from storm sewer outfalls (marked as stars on the map).
The sampling site codes of the outfalls are the same as Environment Hamilton’s Pipewatch codes

(www.environmenthamilton.org/view/page/pipewatch).
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Figure 19. Map of 16 sites sampled of the Red Hill Creek watershed.
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3.3.1. Nitrate

The concentrations of nitrate plus nitrate at the various sampling locations are presented in
Figure 20. A few of data points from the storm sewer outfalls exceed the long term exposure
limit for the protection of aquatic life of 3 ppm NO3-N (CCME, 2012) but all of the creek sites

fall within the limit. The quality control expected concentration is 5.9 ppm NO3™-N.
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Figure 20. Nitrate plus nitrite concentration of the Red Hill Creek watershed.

48



3.3.2. Phosphate

The concentrations of phosphate at the various sampling locations are presented in Figure 21.
Most of the sites, especially the storm outfalls, exceed Environment Canada’s limit to avoid
eutrophication of 0.035 ppm PO,*-P (Environment Canada, 2013). The phosphate
concentrations of four of the storm outfalls and one creek site exceed Environment Canada’s
limit to avoid hyper-eutrophication of 0.1 ppm PO,>-P (Environment Canada, 2013). The quality

control expected concentration is 0.23 ppm PO4>-P.
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Figure 21. Phosphate concentration of the Red Hill Creek watershed.
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3.3.3. Chloride

The concentrations of chloride at the various sampling locations are presented in Figure 22. The
chloride concentrations of all sites exceed the Canadian freshwater long term exposure limit for

the protection of freshwater aquatic life of 120 ppm CI" (CCME, 2011). Two creek sites and two
storm sewer outfalls exceed the Canadian freshwater short term exposure limit for the protection
of freshwater aquatic life of 640 ppm CI" (CCME, 2011). The quality control expected

concentration is 106.8 ppm CI'.
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Figure 22. Chloride concentration of the Red Hill Creek watershed.
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3.3.4. Total Coliforms

Figure 23 presents the number of total coliform colonies at the different sampling sites. The
storm outfalls RHC-T-1 and DCT-12 had high coliform counts in comparison to the other sites
so total coliforms are graphed on two scales with separate axises. The province of Ontario’s
recreational limit for total coliforms is 2400 colonies per 100 mL

www.cbc.ca/news/canada/hamilton/news/alarming-bacteria-levels-in-major-hamilton-creek-

1.1141484. Many of the samples exceeded the recreational limit.
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Figure 23. Total coliform colonies of the Red Hill Creek watershed.
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3.3.5. E. coli

Figure 19 presents the number of E. coli colonies at the different sampling sites. Buttermilk Falls
site 1, RHC-T-1, RHC-T-2, and DCT-12 had high E. coli counts so E. coli colonies are graphed
on two scales with separate axises. No E. coli colonies were found for Buttermilk Falls site 2,
Davis Creek at Marston Street, and DCT-24. The province of Ontario’s recreational limit for E.
coli is 100 colonies per 100 mL (Insert reference for this:

http://www.cbc.ca/news/canada/hamilton/news/alarming-bacteria-levels-in-major-hamilton-

creek-1.1141484). The sites that had E. coli colonies exceeded this limit. The City of Hamilton’s

by-law for E. coli colonies of 2400 colonies per 100 mL ((City of Hamilton By-Law NO. 04-
150, 1999). Buttermilk Falls site 1, Red Hill Creek end, RHC-T-1, RHC-T-2, DCT-12, and

DCT-3 exceed the by-law.
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Figure 24. E. coli colonies of the Red Hill Creek watershed.
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3.3.6. BODs

All but four of the sampling sites of the Red Hill Creek Watershed had a BODs value of less than
2 mg/L. Only RHC-T-1, RHC-T-2, DCT-22, and DCT-12 had BOD5 values greater than 2 mg/L.
The BODs values of the sites of the Red Hill Creek watershed that are greater than 2 mg/L are
presented in Table 2. Uncontaminated water typically has a BODs value of less than 1 mg/L.

Contaminated water typically has a BODs value from 2-8 mg/L (Hocking, M.B., 1998).

Table 2. Average 5 day biological oxygen demand of sites of the Red Hill Creek watershed.

5 Day Biological Oxygen Average
Demand of Chedoke BODs

__ Creek Subwatershed  (mg/L

RHC-T-1 4.2
RHC-T-2 2.0
DCT-22 4.9
DCT-12 6.8
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4. Conclusion

While many sample sites had decent water quality, a number of sites, most notably in the
Chedoke Creek subwatershed, routinely contained high levels of nitrate-N, phosphate-P, E.coli,
and total choliform. These data indicate likely contamination with urban sewage. Similarly, a

number of outflows in the Red Hill Creek watershed had poor water quality.

The data presented in this report will hopefully form the baseline of a multi-year commitment to
monitor water quality of watersheds flowing into Cootes Paradise. Significant efforts have been
made to improve habitat quality of Cootes Paradise in recent decades. Continued progress on

this issue will require addressing poor water quality of watersheds draining into Cootes Paradise.
As the City of Hamilton continues to make significant investments in waste water infrastructure,

improvements in the water quality of Chedoke Creek should be observed.
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