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Executive Summary

Esquimalt Lagoon Stewardship Initiative (ELStyeated to determine contamination presence
entering the Esquimalt Lagopwas a platform tosignal significant changes over tinre the
Lagoon The programdevelogd asan ewironmertal monitoring programwasfor community
membersto employ and build understandingn the lagoois sensitive ecosystenin January
2008, Camosun College engaged taking on the rofaadftating the volunteer programnda
revisionof the samplig program.The need for a nevsamping manual presented itsedfter a

review of previous studieendour updatingold sampling practices

The revisedmanualimproves the situation othe sampling program at thagoonwith reduced
redundancy and quickemore accurate measuremenihree methodsdentified to meet
volunteesd need and sampling requirements to assure thhable sampling would take place
given different situationgzor example,fiCamosurCollege is closea different method cabe
usal, allowing scheduledsampling tooccur. Repetitive time trial®f each methoadver aone
month period gave an idea of the length of timeequiredto finish the sampling day. The
parameters sampled wittlectronic instrumentsvhere shown to have improvedtcuracy and
identified flaws inthe previous methodComparison of measured values of selected water

guality parametershowed signgdicating good ecosystem health in most cases.

New parameter wasdentified with the examination of nitritavhich need chloride as &o-
parameteto give propeguidelines The ontinual positive coliform results indicate further tests
to determinghe actual coliform counts t&now if it is aboveguidelinesandaction is required
The resultsaalsoindicate samplingloes not neetb take place on particulartide, ebb verse flow

butthatall sampling should take place on the samefod¢hat day

Sampling datasheetsave additionsand changeso clarifyt h e g greydeds sfrom the
previous methodSeveral sitepictures, a road map, and a topographic map added to the guide
help to find the sites and identify any significance about the @aaosun College members
need tomaintain a ontinual monthlyand annualmonitoring schedulewith completed data

sheetdaxed each monto CRD once completed

Esquimalt Lagooii Sampling and Monitoring Report and Guide i



Acknowledgements

Our group would like to thank the following individuals for guidance and assistance in the
development of the sampling program and manual. This project would not have been possible
without their supprt andwe would like to acknowledge the following people:

¢ Anna Colangeli, Camosun College, Environmental Technology, Program Chair

e Steve Gormican, Camosun College, Environmental Technology, Instructor

e Tony Dorling, Camosun College, Environmental Techng|&yogramAssistant

¢ Beth Mitchell, Esquimalt Lagoon resident, sampling volunteer for ELSI

¢ Natalie Bandringa, CRD Environmental Services, Assistant Harbours and Watershed

Coordinator

Esquimalt Lagooii Sampling and Monitoring Report and Guide i



Table of Contents

EXECULIVE SUMMIAIY I
ACKNOWIEUG MO S I
Table Of COM N S i
LISt Of FIOUI S
LISt OFf TablOS
LISt Of AP CNAICES \%
List of Abbreviationsand UnitS \%
L Ot OTUCH O 1
2.0 Site Descriptions anilap of Sites in Esquimaltagoon______ . 3
B OMEtNOUOIOOY 5
3.1 FieldTrip 1, Method 1i Thursday May 8, 2008 6
3.2 Field Trip 2 Method 2Zi Friday May 9, 2008 6
3.3 Field Trip 3 Method 3i Wednesday May 14, 2008 6
3.4 Field Trip 4 Method 1i Thursday May 152008 .. 7
3.5 Field Trip 5 Method 2i Friday May 16, 2008 o 7
3.6 Field Trip 6§ Method 3i June8, 2008 7
A O RESUNS 7
A TimeTrial ANalYSIS 7
4.2 Data Summary and ANalySIS 10
D 0 IS CUS S O 26
6.0 CONAUSION 29
7.0RECOMMENAANIONS 30
1L P OO A 30
7.2 SaMPIE ANAIY SIS 30
7.3 Proposed Annual and Oiiene Operations Budget 31
8.0References 33

Esquimalt Lagoofi Sampling and Monitoring Report and Guide ii



List of Figures

Figure 4.2 Saltwater Temperatuf€) Variation During Field Sampling, 14
Figure 4.3 Freshwater Temperatui€)(Variation During Field Sampling, 15
Figure 4.4 Saltwater pH Variation Durikgeld Sampling, 16
Figure 4.5 Freshwater pH Variation During Field Sampling, . 16
Figure 4.6 Saltwater Dissolved Oxygen (ppm) Variation During Field Sampling, 17
Figure 4.7 Freshwater Dissolved Oxygen (ppm) Variation During Field Sampling, 18
Figure 4.8 Saltwater Turbidity (JTU) Variation During Field Sampling, 18
Figure 4.9 Freshwater Turbidity (JTU) Variation During Field Sampling, 19
Figure 4.10 Saltwater Nitrate (ppm) Variation During Field Sampling, 20
Figure 4.11 Freshwater Nitea(ppm) Variation During Field Sampling, 20
Figure 4.12 Saltwater Nitrite (ppm) Variation During Field Sampling, 21
Figure 4.13 Saltwater Ammonia Nitrogen (ppm) Variation During Field Sampling.__ 22
Figure 4.14 Saltwater Alkalinity (ppm) Variation bng Field Sampling, 22
Figure 4.15 Saltwater Salinity (ppt) Variation During Field Sampling, 23
Figure 4.16 Saltwater CO2 Variation During Field Sampling, 24
Figure 4.17 Freshwater Phosphate (ppm) Variation During Field Sampling, 24
Figure 4.B Freshwater flay Biological Oxygen Demand (BOD) (ppm) Variation During Field
SaAMPIING, 25
Figure 4.19 Freshwater % Saturation Variation During Field Sampling, 26
List of Tables

© 0 0 0 » b

Esquimalt Lagooii Sampling and Monitoring Report and Guide v



List of Abbreviations and Units

BOD 1 Biological Oxygen Demand

CRD1 Capital Regional Distct

DO Dissolved Oxygen

ELSIT EsquimaltLagoon Stewardship Initiative
RISCi Resourcdnformation Standards Committee
ppmi Parts per million

pptT Parts per trillion

10
11
11
12
12
13
31
31
32
32

34
35

Esquimalt Lagooii Sampling and Monitoring Report and Guide v



1.0Introduction

Esquimalt Lagoon is an ecologically sensitive area that recenmdgs from awatershed
(estimatedat 2000 hectares)n the southern coast of Vancouver Isla@dmmunity members
wanted to identify significant contaminant inputs as well as possible point sources for Esquimalt
Lagoon. Therefore, thefpormedthe Esquimdl Lagoon Stewardship Initiative (ELSI) in 1993
Esquimalt Lagoon is almostclosed landlocked body of water that receives freshwater inputs
from several creeks and saltwater from tig&al influences ofJuan de Fuc&trait. Esquimalt

Lagoon is a Migratorird Sanctuaryor waterfowl where they feed and over winter.

Contaminants entering th&squimalt Lagoon may come from various sources including
waterfowl, malfunctioning septic systems, herbicides and urban runoff. groject was
intended to descriheanalyze and streamline the wasampling program on the Esquimalt
lagoon and its watershed. While th&atus quosampling design has produced functional data,
there is room for improvement in the areas of time management, data collection, statidayd

and practices

As of January 2008, Camosun College took awermonitoring program with the hopes of
engagingcommunity and student members in learning about the ecological importance of
Esquimalt Lagoon andain experience in the field. Thegre presentlymanynew construction
zonesin the area, whiclmakes pralevelopment dataecessary to determinedbnstruction has
any impact on th&squimalt Lagoon. The prand post developmert also a utility to compare
water quality pollutants to future wea quality monitoringdatato determine if mitigation is
required and to pin point source pollutid@everal portion®f the existing prograrnthat needed

updatng andor creaing were

e A short training Powerpoint that ensures all volunteersnderstandshe programand its
importanceincluding some brief points on the sampling practices

e Volunteerbased programmanualwith sample methodsutlined

e A field checklist with sampling schedule and instructions for cleaning the kit/bottle.

e Maps and site desptions Figure 2.0andTables2.0 and 2.1
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e Added sections to answer questions that come up during sangploig as use and
calibration of equipment.

e Improved documentatioof parameter measurements

e Readable Material SafeataSheets

e Updated test procedesfor salt and freshwater sites

e LaMotte reagent and tablets expiration information including product codes for

reordering.

The updated sampling datasheet reduces the amount of paper used and increased the ease of
recording.Improving the statistical intgity of the data and engage the community in the process

were the two main goals of the initial prograifhe guideintegrateshe Resources Information
Standards Committe@®RISC) for all parameters currently testaald has a reference in the back

of theguide to federal, provincial anmeighbouringvater quality standards
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2.0 Map of Sites in Esquimalt Lagoonand Site Descriptiors

The map beloweeds to have an update for the new roads that makes freshwater site two
accessible. Obtaining the origlmaap and its data was not an option for this report so a road

map was added for the new roads and this map was kept with the sampling data sheets to help
locate site numbers.

| ELsI Community Monitoring Locations
(September 2003)
4 Monitoring Locations

(@] Fresh Water

A Sat Water

Roads

S Projecion: Uriversal Transverse Mercator - Zone 10 North
il North American Datum 1353

5 R B . » = 3
D S00g0007 ULOFLON AJNWWD) (128 JUWN0N] 00N - ©I0Z '£2 JOUN0IE - SI0WDE EIUDLLNIAS OIS0

Figure 2.1 The Map of Esquimalt Lagoon Sites

Esquimalt Lagooii Sampling and Monitoring Report and Guide 3



Table 2.1 Descriptionsof Saltwater Sites

Saltwater Site 1 is accessible from Royal Roads Universityis located on dock betweg

Site1 (SW1) | the rowing lodge and boat storage the west of the Colwoodr€ek This site is
near freshwater seven samplingtisia For a pictureof the sitereference the
guide in the Appendix, Figure 2.2

Saltwater Site 2 is on the Pacific centre property, south of Bee Creek near the dock

Site2 (SW2) | to fresh water 5 sampling sit€or a pictureof the sitereference the guide in th
Apperdix |, Figure 2.3

Saltwater Site3is close to the end of Selleck creek, and is near two small farms and

Site 3 (SW3) | freshwater three sampling sitéor a pictureof the sitereference the guide in thg
Appendixl, Figure 2.4

Saltwater Site4 is at the southern arm of the lagoon near the junction of Lagoon road

Site4 (SW4) | Ocean Boulevardlt is very near to freshwater one sampling Sitiee area is
under heavy disturbance from development and the surrounding urban acti
For a pictureof the ste reference the guide in the Appendj¥igure 2.5

Saltwater Site 5 is one the shoreline on the eastern side of the lagoon, parallel to

Site5 (SW5) | Boulevard. Saltwater three sampling station can be seen almost straight

the lagoonThereis no sign currently for thisite but can be located by a me
benchon the shoreline For a pictureof the sitereference the guide in th

Appendix Figure 2.6

Table 2.2 Descriptionsof Freshwater Sites

Freshwater
Site1 (FW1)

Sitelis a convergece of several springs and creeks flowing out of a large ¢
culvert from the south end of the lagoorit is located near saltwater fo
sampling stationHistorically this creek was daylighted from Ancorage Ave
the LagoonSaltwater five and four aralso within this ared-or a pictureof the

sitereference the guide in the Appendj¥igure 2.7

Freshwater
Site2 (FW2)

This site & currently in theconstruction zone, whictequires special permissic
to enter due tesafetyregulations. Hopes arbat this site will be accessible on

construction finishes

Freshwater

Site 3 is close to the end of Selleck creek, and is near two small farm
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Site 3 (FW3) | saltwater three sampling sitéll the water that drains from the Portmou
neighbourhood gaeinto this creekFor a pictureof the sitereference the guid
in the Appendix, Figure 2.8

Freshwater | Site4 is near the entrance to Pacific Centre property, under a culvert by a
Site4 (FW4) | bridge.lIt is the first of three sampling spots (fhegater five, saltwater two}zor
a pictureof the sitereference the guide in the Appendli¥igure 2.9

Freshwater | Site 5 is near the end of Bee creek, and close hmase, whichs on a septic
Site5 (FW5) | sewage systenTwo dams removed from the crestay not be noticeable noy
The owners also plan to have some development on the prdpariy pictureof

the sitereference the guide in the Appendiigure 2.10

Freshwater | Site6 is parallel to Sooke road, very near to a culvéris near the entrance {
Site 6 (FW6) | Royal Roads and no other sampling stations are nearRorita pictureof the

sitereference the guide in the Appendli¥igure 2.11

Freshwater | Site 7 is on the University campus near the boathouse north of saltovag
Site 7 (FW7) | sampling stationThis area is accessible by many from a bridge and path

For a pictureof the sitereference the guide in the Appendli¥igure 2.12

3.0Methodology

To bestsuit volunteerswe timedthreeseparatenethod that differed fromhte original sampling
method pre-CamosunCollege for time efficiency and data accuracyhe three methodwere
repeatedwice for six field trips over one month perioaindan average timéor each method was
determined for the guidéseneral veather obsemtions includingfor cloud cover, wind, and

rain at the start of the day on the first page of the new sampling datasheets instead of at each
| ocat i o Midabobseraatjoeasare on the first datasheet page as wtbik tide tables
provided by Departnmé of Fisheries and Oceans.

Method 1took bottled water samples from each site for all remaining parameter testing to be
done all at once, using a laboratory back at the college. Method 2 took bottled water samples
from each site like method 1 but cheas closer location near the lagpsnch as Juan de Fuca

Park Method 3 used the LaMotte kits at each site to finish all remaining parameters not covered
by the instruments.
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All methods incorporated the use of the YSI and pH instruments, which wasenaiusly used
by volunteers. We calibratedl @ghe equipment one week before going ,ca$ per their original
owners manualTheYSI model85 was used to determirthe air temperature befogminginto
the water. TheYSIl (model 85) electronic instrumenand pH electronic instrumentested the
following parameters:

TheYSI recorded
e Water temperature
e Dissolved(mg/L = ppm)
e % Saturatior(for freshwater sites onjy
e Salinity (for saltwater sites on)y
ThepH electronic instrument (modpHTestr 3)) used forpH only.

3.1Field Trip 1, Method 11 Thursday May 8, 2008

This method splg into two componentsfield test kitsandinstrumentswvork in the field
then lab and test worttone back at the colleg&/e timed ach step thatvas aseparate
function The tde was ebbingAll testscompletedback at the schoalsing the LaMotte
kits. Fieldworktimed exclu@d gettingto the Lagoon but including driving time between
sites and back to the college for lab work.

3.2Field Trip 2, Method 21 Friday May 9, 2008

This method splginto two componentsfield test kitsandinstrumentswvork in the field
then lab and test worlone after the last site or location close to avéa timed ach
step thatwas aseparatdunction The tide was ebbingAll tests completedat Juan de
Fuca Parkusing the LaMotte k& Left over used eagents dumped into an extrattle
that was properly disposed of by the lab technicians at the sdhietdwork timed
exclucedtime to get to and from the Lagoon but including driving time betvages.

3.3Field Trip 3, Method 37 WednesdayMay 14, 2008

This methods mostlyone component with the tests done duringitissrumentreadings
at each siteTiming was for the whole of the field and tests since they over lafjex
tide was floodig. All testsdoneareat each siteusing the LaMotte k& Left over used
reagents dumped into an extra bottle that was properly disposed of by the lab technicians
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at the school. Fieldwork timed excluced time to get to and from the Lagoon but
including diving time between sites.

3.4Field Trip 4, Method 11 Thursday May 15, 2008

This wasa repeat ofmethodl. The tide was floodinghis time All tests doneareback at
the college labusing the LaMotte k& Fieldworktimed exclued gettingto the Lagoon
but including driving time between sites and back to the college for lab work.

3.5Field Trip 5, Method 21 Friday May 16, 2008

This was a repeat ahethod2. All tests donewere at Juan de Fuca Park using the
LaMotte kits. Left over used eagents dumpkinto an extra bottle that was properly
disposed of by the lab technicians at the school.

3.6 Field Trip 6, Method 31 June 8, 2008

This was a repeat ohethod3. All tests donewereat each site using the LaMotte it
Reagents dumpedere into an exta bottle that was properly disposed of by the lab
technicians at the school.

4.0Results

These are the results of the time trials and the data collected omemnsonthperiod, May8 to
June 8, 2008

4.1 TimeTrial Analysis

Each sample method has astimated time based on repeated tridlach method had
the time recorded for the length to do a particular seckach sitefor method 1 and 2
was approximately 5 10 minutes for thenstrumentreadings and water was collection.
For method 3, &ch site was approximately 510 minutes for freshwater and 2@5
minutes for saltwateMethodsl and 2 separated field and lab tests imto sections;
where asviethod3 incorporate these into one section
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Table 4.1 Time Record for Field Trip 1 Method 1,May 8 | Volunteers Time
CleanBottle and Calibration 1 40 min
Field Work 3 1 hr 30 min
Lab Tests 3 1 hr 50 min
Total Time for Method 1, Trial 1 4 hours

It was difficult to find the sites with the old map. One site took longer to find because we
took alternate route. Possible timifwy this trip is representative of new volunteer times.

Table 4.2 Time Record of Field Trip 4RepeatMethod 1, May 15 | Volunteers Time
CleanBottles and Calibration 1 40 min
Field Work 3 1 hr D min
Lab Tests 3 1 hr d min
Total Time for Method 1, Trial 2 3 hrs20min

Residents from the area at freshwater three stopped us and proceeded to tell us that he
had been noticing a drop in the creeks level. He predicted that the creek would dry up
this summer and the caus&s the development and deviation of the creek in the area
where freshwater two was.

Table 4.3 Time Records for Field Trip 2 Method 2, May 9 | Volunteers Time
CleanBottle and Calibration 1 40 min
Field Work 2 1 hr 2 min
Lab/Test work 2 1 hr D min
Total Time for Method 2 3 hrs30min

The pHinstrumentwas reading a little higbnthe firstand secondield day.We used the
kits during the tests in the park on the second field trip and a&itumentback at the
schoolto confirm the readingdt turned ourinstrumentwas reading very accurately but
the kitd pH tabs had expiredjving lowerresults.

Table 4.4 Time Record of Field Trip 5 RepeatMethod 2, May 16 | Volunteers Time
CleanBottle and Calibration 1 40min
Field Work 3 1 hr D min
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Lab/Test work 3 1 hour

Total Time for Method 2 3 hrs 30 min
Table 4.5 Time Records for Field Trip 3 Method 3, May 14 | Volunteers | Time (min)
Calibration 1 30min
Field Work and Test work 2 3 hrs45 min

Total Time for Method 3 4 hrs 15min

Table 4.6 Time Record of Field Trip 6RepeatMethod 3, June 8 | Volunteers | Time (min)
Calibration 1 30min
Field Work and Test work 2 2 hrs5min

Total Time for Method 3 3 hrs 35min

The biggest timalifferences between repeated trials wardlethod 1(Table 4.1and 4.2 and
Method 3(Table 4.5 and 4)6with a deviation o40 minutes As shown in Figure 4.1, all the
methods are whin a range of approximately 4 hours and 15 minutes to 3 hours and 20 minutes
Where fieldwork is quicker, lab work is longer and vieersa Figure 4.1 show a graphical
representation of this phenomerfon Method2.

Figure 4.1 Time Analysis for Methodology
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4.2 Data Summary and Analysis

The chta summaries in Tables 4.7 to 4.12 were checked twice for errors and abnormalities before
analysis Systematic entrgrrors found wex confirmed again with another persand fixed in

the data seflfrends are displayed graphical on the following figures 4.2 to 4.19.

Table 4.7 Data Summary for Field Trip 1, May 8, 2008 12:30 am
Weather Observations Tidal Observations
Cloud Cover | 26-50%| Rain None Corrected Time Height (m) Tide
Air Temp | 13.5°C| Wind Light Low Tide 3:09 PM 0
High Tide 6:34 AM 2.9 =68
SW1 SW2 SW3 | SW4 | SW5 | Fw1l Fw3 FW4 FW5 FW6 FwW7

Temperature °C 14.2 14.5 13.3| 11.4| 118 11.6 134 10.6 10.7 14.7 115
pH 8.35 8.36 8.36| 8.34| 8.39 7.50 8.03| 7.50 8.47| 7.90 8.20
Dissolved Oxygen (ppm 10.41| 11.78| 12.69| 12.72| 13.24 10.13 9.68| 11.03| 11.00| 10.75| 11.03
Turbidity (JTU) 0 0 0 0 0 0 10 10 10 0 10
Nitrate (ppm) 1.1 1.1 11| 11| 4.4 30 10 5 5 0 2
Nitrite (ppm) 0.165| 0.165 1.65| 1.65| 1.65

Ammonia Nitrogen (ppm 0.10 0.10 0.10| 0.10| 0.10

Alkalinity (ppm CaCO3) 123 105 110| 138| 128

Salinity (ppt) 19.0 29.7 299| 29.0| 29.9

CO02 (ppm) 0 0 0 0 0

Phosphate (ppm) 3 2 2 2 2 3
BOD (ppm) 10.13 9.68| 11.03| 11.00| 10.75| 11.03
Coliforms Negativq Positivg Positivg Positivg Positivg Positive
% Saturation 93.1 92.8 97.8 99.1| 106.1| 101.9
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Table 4.8 Data Summary for Field Trip 5, May 9 2008 10:40 am

Weather Observations Tidal Observations
Cloud Cover | 0-25%| Rain | None Corrected Time Height (m) Tide
Air Temp | 16.3 °C| Wind light Low Tide 4:03 PM 0.1 EBB
High Tide 6:53 AM 2.8
SW1 | SW2 | SW3 | SW4 | SW5 | FW1 FW3 Fw4 FW5 FW6 FW7
Temperature °C 13.1 126| 13.3| 125| 119 11.6 12.3 9.6 9.7 14.4 10.6
pH 8.07| 8.22| 833| 8.23| 833 7.90 8.09 8.15 8.30 7.90 7.79
Dissolved Oxygen (ppm)| 12.40| 16.22| 13.37| 15.40| 13.31 10.69 9.92| 11.41| 11.60| 10.46| 10.86
Turbidity (JTU) 0 0 0 0 0 0 0 10 10 0 0
Nitrate (ppm) 11 1.1 2.2 11 1.1 5 5 5 5 5 5
Nitrite (ppm) 0.165| 0.165| 0.165| 0.165| 0.165
Ammonia Nitrogen (ppm) 2.00| 0.05| 0.10| 0.05| 0.05
Alkalinity (ppm CaCO3) 45 95 64 69 80
Salinity (ppt) 28.2| 175| 285| 29.3| 293
C02 (ppm) 6 10 6 6 7
Phosphate (ppm) 4 4 4 4 4 4
BOD (ppm) 10.69 9.92| 11.41| 11.60| 10.46| 10.86
Coliforms Negative| Positivel Positive| Positive| Positivg Positive)
% Saturation 98.3 93.6| 100.2| 101.9| 101.5| 100.0
Table 4.9 Data Summary for Field Trip 2, May 14, 2008 10:25 am
Weather Observations Tidal Observations
Cloud Cover | 100% | Rain | Light Corrected Time Height (m) Tide
Air Temp | 11.5°C|Wind | Light Low Tide 10:38 PM 1.6 Flow
High Tide 3:06 AM 1.7
SW1 SW2 | SW3 | SW4 | SW5 | FW1 FW3 FW4 | FW5 FW6 FW7
Temperature °C 128| 140 12.7| 11.7| 121 11.5 11.6| 10.0 10.1 13.9 11.3
pH 8.24| 8.17| 8.40| 8.15| 8.07 7.14 7.85| 8.01 8.05 7.50 8.00
Dissolved Oxygen (ppm) | 10.40| 10.60| 12.95| 10.55| 9.45| 10.96| 10.73| 11.49| 11.08| 11.29| 10.60
Turbidity (JTU) 0 0 10 20 10 0 0 0 0 0 0
Nitrate (ppm) 11 11| 0.22 11 1.1 10 5 5 5 5 5
Nitrite (ppm) 0.165| 0.165| 0.165| 0.165| 0.165
Ammonia Nitrogen (ppm) 0.00| 0.50| 2.00f 2.00| 2.00
Alkalinity (ppm CaCO3) 62 130 138 120 144
Salinity (ppt) 28.0| 28.1| 29.5| 30.2| 29.8
C02 (ppm) 6 10 0 5 5
Phosphate (ppm) 3 2 0 1 2 2
BOD (ppm) 1096| 10.73| 11.49| 11.08| 11.29| 10.60
Coliforms Negativ{ Positivel Positiv{ Postive | Positive Positive
% Saturation 100.8 98.7| 101.6| 105.5| 110.5 96.8
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