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NOTICE 

While the official name of the Network is the "NSERC Canadian Lake Pulse Network”, 

we refer to it by “LakePulse” in the current document. LakePulse is a nationwide network 

examining a wide range of problems affecting lakes. The network is based on a shared 

and coherent scientific framework and employs robust and comparable methods. By 

bringing the Canadian freshwater research, environmental protection and policy 

communities together across Canada, we can better understand, manage and conserve 

lake resources. Science-based information is required when tackling freshwater issues, 

but key data are missing or not accessible. LakePulse aims to provide accessible and 

relevant scientific information. 

 

LakePulse provides: 

 LakePulse Survey: A coordinated survey of lake health across Canada, over the 

summers of 2017, 2018, and 2019 

 LakePulse Field Manual: Robust and comparable sampling methods 

 LakePulse research: Collaborations between academics and government 

 New tools for lake management 

 LakePulse.ca Water Portal: Environmental data provided in a way that is easy to 

use and understand 

 New indicators of lake health for monitoring programs 

 LakePulse database: A national lake database that everyone can access. The 

methods documents linked to each variable in the database provides laboratory 

processes as well as Quality Assurance/Quality Control (QA/QC) measures.  

 

The current document represents the 2019 field protocol version. A small number of 

changes have occurred to the protocol from 2017 to 2019. When such changes 

occurred, the " ‡ " symbol is added in the text, with yearly specifications detailed in the 

following paragraph, in the form of a table or text. A summary of all changes is given in 

table 1.1. For publication, contact information has been removed/edited to avoid using 

deprecated information in some cases. 
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1 Background information 

The LakePulse Network is performing a lake health assessment at the canadian scale. 

Launched in 2016 thanks to the funding of the NSERC (Natural Sciences and 

Engineering Research Council of Canada) Strategic Partnership Program for Networks, 

LakePulse is an academic-government partnership that brings together 17 academic 

researchers from 13 Canadian universities, as well as eight provincial governments and 

two federal departments. Research interests were grouped under four research themes, 

with two to four projects within each theme. Approaches used in LakePulse include 

traditional, state-of-the-art and innovative methods in genomics, emerging contaminants, 

greenhouse gases, invasive pathogens, paleolimnology, spatial modelling, statistical 

analyses and remote sensing to answer the following main questions: 

- How healthy are Canadian lakes? 

- Is lake degradation widespread in Canada or worse in certain regions? 

- Is lake health getting better, worse, or stable through time? 

- How does land use and climate change affect lake health? 

 

This report describes the protocols and methods that field crews followed during the 

2017, 2018 and 2019 field surveys. The field crew was divided into five independent 

teams, and each of those teams sampled 5 to 6 lakes per week at a rate of one lake per 

day, for 6 to 9 weeks between July and early September. Teams are referred to by 

colors: purple, yellow, blue, green and red. 

1.1 Selection of lakes 

Over one million lakes dot the Canadian landscape unevenly (Lehner and Doll, 2004). A 

stratified random selection approach was used to select 680 lakes to sample  

over three summers (2017 to 2019). The lake selection was based on a stratified 

random selection approach, with the ecozone, lake size, and a human impact index as 

the group stratifications. Lake size varied from 0.1 to 100 km2 and were < 1 km away 

from a road as field crew travelled by truck. A total of 12 ecozones were sampled, out of 

the 16 ecozones in Canada. Refer to Huot et al., 2019 for more information about the 

selection of lakes. 

1.2 Selection of samples variables 

A total of ~100 variables were selected. Most variables are sampled at each lake, while 

a few are sampled in half of the lakes, or some other fraction. Water samples were 

collected as an integrated sample from the photic zone (estimated as two times the 

secchi depth, to a maximum of 2 m), as a subsurface samples (~10 to 30 cm deep), in 

the littoral zone (within 10 m from shore) and from the hypolimnion (1 m above water-

sediment interface in stratified lakes). Sediment cores are retrieved from the deepest 

point of the lake. Some measurements are also taken in-situ using a multiparameter 
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sonde, as well as some team-specific optical instruments. Refer to Huot et al., 2019 for 

information about the variables selected. 

1.3 Summary of the modifications between 2017, 2018 and 2019 

After the first field survey, the coordination team modified certain aspects of the protocol 

to improve practices and to adapt to the needs of our partners. The current document 

represents the 2019 field protocol version. Throughout the text, the " ‡ " symbol is added 

where modifications have been made from 2017 to 2019. Details are specified in the 

following paragraph, in the form of a table or text. Table 1.1 shows a summary of the 

changes to the protocol. 

 

Table 1.1 Summary of the changes between the 2017, 2018 and 2019 field surveys. 

Section of 

the 

protocol 

Description/variable 2017 2018 2019 

4 Electronic forms 6 electronic forms 

per lake 

8 electronic forms per lake (added 

Bacteria and Team photo forms) 

Throughout 

the 

protocol 

Rinsing tube 

sampler, carboys 

and all labware 

3 rinses with lake 

water 

4 rinses with lake water 

8.4 Bacteria index site Two 250 ml 

samples in 50 lakes 

only 

One 50 ml sample at every lake 

8.5 Pestpharma Bottles filled in 

mobile lab using the 

index site carboy 

Bottles filled directly at the index 

site 

8.8 Dissolved gases Four Exetainer® 

vials for CO2 

Three Exetainer® vials for CO2 

Used 60 ml wet 

syringes and filled 

30 ml of lake water 

Used 140 ml wet syringes and 

filled 100 ml of lake water 

Filled 30 ml of ultra-

zero air to the wet 

syringe for 

headspace 

Filled 40 ml of ultra-zero air to the 

wet syringe for headspace 

Injected 30 ml of 

gas sample into 

each Exetainer® 

vial 

Injected 30 ml of gas sample into 

each Exetainer® vial 

8.10 Zooplankton Filled the containers 

with ~60-70 ml of 

sample and rinse 

water combined, 

which yielded a final 

concentration of 

~45% of ethanol 

Filled the containers to 40 ml of 

sample and rinse water 

combined, which yielded a final 

concentration of ~60% of ethanol 
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9.1 Bacteria littoral site One 250 ml 

samples, in a total 

of 50 lakes 

One 50 ml sample at every lake 

Bacteria inoculation 

and incubation 

performed at 

Memorial University 

Bacteria inoculation and 

incubation performed by the field 

team directly in the field. See 

Wight et al. (2020) for details.  

9.2 Bacteria sediments Not collected Collected in ~ half lakes 

11.1.3 and 

11.1.4 

CTOX in PETG 

bottles 

Not collected Collected in a 

restricted 

number of lakes 

11.1.6 TP TP samples 

acidified with H2SO4 

TP sample not acidified 

11.2.3 Chl a AM blanks Not performed Performed 

11.2.3.1 

and 11.2.6 

Chl a AM Used 47 mm filters Used 25 mm filters 

13.2.3 TSS blanks Not performed Performed in 1 

lake out of 6 

Performed in 1 

lake out of 3 

13.2.5 Chl a PM Used 47 mm filters Used 25 mm filters 

13.2.7 TSS 2 samples per lake 3 samples per 

lake 

2 Logistics and preparation to field activities 

2.1 Contact information 

The table below has been edited for publication as contact and information changes. 

 

Table 2.1 Contact information during the LakePulse field surveys. 

Title Name Contact information 

EMERGENCY 911 

Network director   

Field coordinator   

Geographic information 

system specialist 

  

Database specialist   

Laboratory coordinator   

Health and Safety 

advisor 

  

Health Emergency – Université de Sherbrooke  

CANUTEC – Canadian Emergency Transportation 

Center 

 

CFT – Canada Source for Dangerous Goods 

Compliance 
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2.2 LakePulse survey schedule 

The general schedule for sampling during the LakePulse survey is 6 days of sampling 

lakes followed by 1 day to ship samples, maintain the equipment and prepare for the 

next 6 days. We refer to this 7th day as the “shipping day”. The shipping day is either on 

Tuesday or Wednesday. This allows the production of dry ice by Praxair, shipping the 

dry ice to the field team, and shipping the samples plus dry ice to Sherbrooke within the 

same working week. This avoids having samples and dry ice staying in storage over the 

weekend, which would result in thawing of samples. Several rest days are also in the 

schedule. The duration of the survey is between 6 and 10 weeks, depending on the 

team. 

2.3 Field packets 

A field packet contains key information regarding the planning and preparation for 

visiting and sampling a particular lake. This information is previously collected by the 

field coordination team and the field teams. It is the responsibility of the field team to 

double check this information, by verifying routes for example, to contact the people 

identified in the packet as contact information in the days leading to sampling (when 

needing access through private land or lakes sampled in parks) and to book their 

accommodation.  

 

GIS data is available through site selection. Additional aerial photos are to be sought out 

in the National Earth Observation Data Framework Catalogue (NEODF; 

https://neodf.nrcan.gc.ca/neodf_cat3/index.php?lang=en). Bathymetric maps are sought 

out from provincial partners and local organisations, though these are not commonly 

available. Permissions and access are sought out by the field coordinating team, for 

some lakes this was not possible to find in advance and the team has to find an access 

point to the lake. 

 

The field packet may include the following documents: 

 Site maps, showing access site  

 Bathymetric map, when available, with coordinates of the potential index site 

 Other maps, images, aerial photos, GIS data, or any other potentially useful 

visual information 

 Land Ownership status, requirements and permissions for access: 

o Landowner identity and contact information. 

o Results of communication with landowners. 

o Documentation of permission to access private land. 

o Permissions for crossing private lands to reach sites located on public 

lands. 

o For public land, response of relevant agency to notification that you will 

be accessing a site, and, if needed, permissions to do so. 

 Permits: Any permits or documentation required for site access, or for data 

collection activities or sample/specimen collection. 

https://neodf.nrcan.gc.ca/neodf_cat3/index.php?lang=en
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 Information for accessing the site: 

o Contact information for landowners. 

o Notes about whether landowner(s) want to be informed when Field Crew 

is on site. 

o Contact information for individuals who must be available to open gates 

or allow entry to a site, and the time and location for meeting them. 

o Notes on locked gates, pets, livestock, or other things that could impede 

access. 

o Notes about active hunting, farming, mining, or other activities on or near 

the site. 

o Current conditions that could prevent access (e.g., high water, forest fires, 

road closures, etc.). 

 Driving and Hiking Routes to the Site: 

o Results from the Site Evaluation may include driving directions and 

notations about site access or logistically challenging conditions on the 

site, which can be useful in relocating the site or helpful in anticipating 

special circumstances. 

 Any other site-specific information (e.g., road construction and road closings) 

useful to the Field Crew. 

 

Field packets Google Sheet 

Refer to Appendix A for an example of a field packet 

 

Power point (Lake Bathymetry, emails exchange, etc.)  

Refer to Appendix B for an example of a lake-specific Power Point file. 

 

Tutorial on making the field packets 

Refer to Appendix C for the tutorial on making the field packets 

 

3 Health and safety 

Conducting field work involves a certain risk to personal safety and health. The safety of 

the field crew must always be the primary consideration during sampling. This 

section provides guidelines regarding health and safety, communications with the 

coordination team. 

 

The team leader is responsible for ensuring that all safety and prevention measures are 

followed, and to make decisions related to safety. Every field crew member must comply 

with all safety prevention measures. The coordination team is responsible for ensuring 

that all field crew members obtain the appropriate training and certifications prior to the 

beginning of field activities.  
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3.1 Basic safety and prioritisation information 

A) Safety first. Personal well-being is always the most important aspect. Field work 

should always be performed in teams of at least two. Never should a person be left 

alone during field work. 

 

B) After safety, the quality of the data/samples is more important than the quantity. 

Always prioritize obtaining good data/samples rather than more data if it is at the cost 

of sacrificing quality. 

 

C) Always tie everything that is to be deployed overboard to the boat and secure all 

tools using wrist straps or a float. Murphy’s law states that everything not tied to a 

boat ends up at the bottom of a lake.  

 

D) Take the time to stow away ropes/cables immediately after use using the dedicated 

instrument bucket in the boat. It limits tangling, knotting and general overcrowding of 

material during sampling: you’ll save time in the end. Ropes are also a hazard during 

sampling, stowing them immediately reduces the risks of injuries. 

3.2 Pre-departure training  

An extensive training is mandatory for all field team members. Certain trainings are 

offered online and are completed by each team member during the spring. Other 

trainings are offered in person. As such, a three-day training in person in Sherbrooke is 

mandatory for all field team members. Table 3.1 presents all the trainings provided so 

that each of the five field team has all required knowledge and training prior to the field 

campaign. 

 

Additionally to the training provided, the coordination team ensures that each field team 

has a minimum of two people with a driver’s license and experience with driving for an 

extended period of time, driving a trailer, driving a motor boat, and being outdoors for 

long periods of time in difficult weather (APPENDIX D: Field team member 

questionnaire). 

 

Table 3.1 Training themes, providers and number of hours. Each training is also indicated as 
leading to a standard certification or not. UdeS = Université de Sherbrooke. 

Training Training provider Number 

of hours 

Leads to a 

standard 

certification? 

All members    

Protocol and instrument calibration - specific 

to each person's role 

UdeS coordination team and 

Network co-PIs 

12 No 
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Bear safety Canadian Safety Training 

(online) 

2 Yes 

Communications with the coordination team 

in Sherbrooke (Inreach, cell phone, 

electronic tablet) 

Network director & database 

specialist (in person) 

0.5 No 

Risks associated with field work, prevention 

and good practices 

UdeS field coordinator (in 

person) 

0.5 No 

Filling expenses report UdeS field coordinator (in 

person) 

0.5 No 

Electronic tablets : usage, itineraries, 

electronic form submission 

UdeS database specialist (in 

person) 

0.5 No 

Usage of CB radios, driving on forestry 

roads 

UdeS GIS specialist (in 

person) 

0.5 No 

Two to four people per team 
  

Transportation of Dangerous Goods UdeS Health and Safety 

Service (in person) 

3 Yes 

Electricity management (deep-cycle 

batteries, freezers, generator: maintenance 

and usage) 

UdeS coordination team and 

engineer (in person) 

2 No 

Boat license BOATERexam.com (online) 4 Yes 

Ropes management (knots, attaching boat 

on truck, managing ropes on the boat) 

UdeS field coordinator (in 

person) 

1 No 

Boat motor and generator usage and 

maintenance (oil change, troubleshooting) 

UdeS mechanic (in person) 1 No 

Shipping of samples (packing, dry ice 

manipulation, Purolator shipping labels) 

UdeS field coordinator (in 

person) 

1 No 

Wilderness First Aid (Canadian Red Cross, 

16 hours) 

Canadian Red Cross (in 

person) 

16 Yes 

Laboratory Health and Safety (member's 

University of attachment; 3 hours) 

Each team member's 

University of attachment (in 

person) 

3 Yes 

Mobile laboratory set-up UdeS field coordinator (in 

person) 

1 No 

Equipment cleaning and decontamination UdeS field coordinator (in 

person) 

1 No 

Pick-up and trailer (vehicle maintenance 

and check-up, driving forward and reverse 

with a trailer) 

UdeS field coordinator (in 

person) 

 

 

 

 

1 No 
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Team leader    

Decision-making during field work UdeS field coordinator and 

Network Director (in person) 

0.5 No 

Budget management UdeS field coordinator and 

Network Director (in person) 

0.5 No 

Communications with the coordination team UdeS field coordinator and 

Network Director (in person) 

0.5 No 

Safety and prevention UdeS field coordinator and 

Network Director (in person) 

0.5 No 

3.3 Personal safety and risk management plan 

All potential risks and preventive measures are described in APPENDIX E: Risk 

management plan. 

 

All surface waters and sediments should be considered potential as health hazards due 

to potential toxic substances or pathogens. Persons must become familiar with the 

health hazards associated with using the chemicals and preserving agents used in the 

mobile laboratory. See the MSDS Sheets provided in the field team binder. Chemical 

wastes can be hazardous due to flammability, explosiveness, toxicity, causticity, or 

chemical reactivity. All chemical wastes must be stored adequately and discarded 

according to standardized health and hazards procedures. The field team must update 

their Shipping document for dangerous goods (see APPENDIX F) according to the 

dangerous goods they carry. Each dangerous good must be stored and labelled 

according to the Transportation of Dangerous Goods regulation from Transport Canada. 

 

Each team member must comply with the following guidelines: 

 Always wear: 

- Closed shoes that provide good ankle support. No sandals or soft-sole 

water shoes 

- Long pants 

- Shirt with long sleeves if sunscreen cannot be used 

- Hat 

- PFD, when on the water 

 

 Always have with you: 

- Water bottle 

- Warm clothes in case of changing weather 

- First aid kit 

- Bear spray, when sampling in bear habitat 

- Whistle 

- Communication device (cell phone, walkie-talkie, and/or Inreach device) 
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- Personal medication 

- Personal emergency contact information (a printed copy of each field 

team member questionnaire is in the team’s document binder) 

- Boat license (on board), driver’s license, dangerous goods certification, 

Identification Card, and any other relevant license or certification 

 Two persons must be present during all sample collection activities, and no one 
should be left alone while in the field.  

 Minimize exposure to lake water and sediments as much as possible. Use gloves 
when necessary, and clean exposed body parts as soon as possible after 
contact.  

 All electrical equipment must bear the approval seal of Underwriters Laboratories 
(UL) and must be properly grounded to protect against electric shock.  

 Use appropriate protective equipment (e.g., gloves, safety glasses, lab coat) 
when handling and using hazardous chemicals.  

 Any person allergic to bee stings, other insect bites, or food must take proper 
precautions and have any needed medications handy (e.g., an “Epi-Pen”).  

 Protect yourself against the bite of deer or wood ticks because of the potential 
risk of acquiring pathogens that can cause Rocky Mountain spotted fever, Lyme 
disease, and other diseases. Proceed with a full-body check-up every evening. 

 Be familiar with the symptoms of hypothermia and know what to do in case 
symptoms occur. Hypothermia can kill a person at temperatures much above 
freezing (up to 10°C) if he or she is exposed to wind or becomes wet.  

 Be familiar with the symptoms of heat/sun stroke and be prepared to move a 
suffering individual into cooler surroundings and hydrate immediately.  

 Handle and dispose of chemical wastes properly. Do not dispose of any 
chemicals in the field.  

3.4 Accident report 

In case of an accident or incident, even minor, the team leader must fill an accident 

report with all the people involved in the accident. The coordination team compiles the 

accident reports on a yearly basis and follows up with the Health and Safety Committee 

at the Université de Sherbrooke. All reports are analyzed, and appropriate changes are 

made to the equipment, protocol, or risk management plan to prevent a similar event in 

the future. 

 

See APPENDIX G: Accident report 

3.5 Communications 

At the end of every day, each team must check-out on the Slack Application. When 

sampling in areas outside cell phone coverage, the team mush check-out by sending an 

email with the Inreach device. The coordination team in Sherbrooke ensures all teams 

have checked out every day.  
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Each team has a list of emergency contacts for each participant (parent, partner), as 

indicated in each person’s Field questionnaire – see APPENDIX D: Field team member 

questionnaire. 

Every field packet, prepared in advance by the field team members and the coordination 

team during the winter and spring, contains the emergency contacts such as the nearest 

hospital, the phone number of the local first respondents, the police, etc. 

Each team must update their itineraries online if they make any changes so that the 

coordination team knows which lake each team samples every day. 

3.5.1 InReach device 

Each team that travels in regions without cell phone coverage has an InReach device. 

This device uses satellites to send SMS messages to any cell phone and emails. 

3.5.1.1 Setting up and messaging with the Ipad 

Both the tablets and the InReach have a built-in GPS unit, which is used to locate the 

launch and index site. The team leader must ensure that at least 2 people on their team 

know how to obtain specific location on the tablets and InReach device when provided. 

 

The InReach device should be charged every evening (keep plugged in the truck when 

not needed). 

The InReach device is paired with the IPad Pro and through the Earthmate app. 

Messages can be sent from the Inreach device and from the app. Messages received 

should appear on both the Inreach device and the app.  

 

If for some reason the pairing with the IPad is not available anymore, it should be 

initiated from inReach and the IPad: 

1. On the inReach device go to Settings/Bluetooth/Pair inReach.  

2. On the IPad, go to Settings/Bluetooth and turn the Bluetooth on, and select 

inReach. The InReach device can be paired with only one device at the time. 

 

It is a good practice to check if the lock for the SOS button is in place. From time to time 

one team member could lock/unlock the lock next to SOS button. It is important that you 

hear a click once it is in position. 

3.5.1.2 SOS 

If in need, a team member should unlock the lock next to the SOS button (pushing it to 

the left) and press the SOS button. Even if the device is turned off, pressing the SOS 

button for three seconds turns it on and send the SOS signal. An image appears 

confirming that you are in a real emergency situation. Select Emergency and press 

Enter. A screen of instructions appears prompting you to compose a message for first 

responders. Select Compose SOS and press Enter. You can change the default 

message “I have an emergency, please send help.” Or leave it as it is. Select Send and 
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press Enter. A 20-second countdown screen appears. If at any time during the 

countdown your situation has changed, press X (Quit) to cancel the SOS message. 

If the SOS button is pushed inadvertently, you can press and hold SOS button for 5 

seconds to cancel SOS. 

 

Once it is activated, the nearest GEOS response team is sent and Security at the UdeS 

is contacted, as well as director of the project, Professor Yannick Huot.  

3.5.2 Electronic tablets 

Each team is provided with two tablets (Ipad), and one of these tablets has cellular data 

access. These tablets come preloaded with an electronic version of the field packets, 

mapping tools that provide information on the planned lakes, and the instructions for the 

different equipment used for sampling (freezers, generator, etc.). During the campaign, 

these tablets are also used to fill the electronic forms (see section 4), and recover data 

from the RBR multiparameter sonde as well as directly collect data using apps on the 

tablets. The tablets are also the main way of communicating with the coordination team 

in Sherbrooke. After sampling each lake, the teams need to "check out" by sending a 

message on the Slack Application, on the #teams channel. 

 

Each team also has an email address that is configured on the IPad. A Dropbox account 

and Google Drive account are linked to these email addresses as well. 

3.6 Global Position System (GPS) 

Each team is provided with two tablets and teams sampling in remote areas are also be 

provided with an Inreach device. Both the tablets and the Inreach have a built-in GPS 

unit, which is used to locate the launch and index site. The Field Team Leader must 

ensure that at least 2 people on their team know how obtain specific location on the 

tablets and Inreach device when provided. 

3.7 Sampling equipment 

Field crew members should be familiar with hazards associated with the use of sampling 

equipment and establish appropriate safety practices prior to their use. They must 

ensure that all equipment is in safe working condition. Additionally, at least two people 

per team must have their boat license and an in-person training on motor use and 

troubleshooting. 

3.8 Safety equipment 

All field crew members must know the location of each safety equipment and how to use 

the equipment adequately. This equipment includes: 

 Personal Floatation Device (PFD) 

 Whistle 
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 Bear spray and bear banger 

 Inreach (for teams sampling in remote areas) 

 Fire extinguisher 

 First aid kit 

 Boat tool kit 

 General tool box 

 Work gloves, safety glasses, lab coat 

 Walkie-talkies 

 Ipad with communication Apps 

 

Each member must read and sign and follow the Risk management plan (APPENDIX E).  

3.9 Environment protection 

We ask all field crew members to respect the Leave No Trace principles 

(www.leavenotrace.ca) during sampling and camping, which are: 

 Plan ahead and prepare 

 Travel and camp on durable surfaces 

 Dispose of waste properly 

 Leave what you find 

 Minimize campfire impacts 

 Respect wildlife 

 Be considerate of other visitors 

 

Additionally to the Leave No Trace principles, field crew members must use extra 

caution when working with dangerous goods to prevent spills. In the event of a spill, the 

product spilled should be absorbed as much as possible with the grey absorbent pads 

provided, and local authorities must be warned.  

 

All equipment that come in contact with lake water, including the boat, motor, oars, 

anchors and instruments, must be washed to prevent the spread of invasive species. 

The guidelines are described in section 15 – Post sampling activities. 

4 Data recording - Electronic form 

Each team has two Ipads that are used to fill electronic forms during field work. Those 

electronic forms replace paper forms and allow the teams to submit their forms directly 

to the server on a daily basis, which prevents loss of information, damaging forms or 

other issues related to paper forms. Also, the electronic forms contain mandatory fields, 

which prevents forgetting important information, and has built-in functions such as 

specific location, date and time, taking a photo or video. The electronic forms also adapt 

based on the answers provided. For example, if one answers "Yes" to the question "Is 

the lake stratified?", the field "Depth – bottom of the Metalimnion" appears. Most fields 

have a range of accepted values to prevent typos; an error message will appear if 

http://www.leavenotrace.ca/


 

24 

 

entering an atmospheric pressure of 101 hPa for example. ‡Eight electronic forms are 

required per lake (Table 4.1)‡. 

 

Table 4.1 ‡ Electronic forms to fill per lake, with yearly specifications. 

 2017 2018 2019 

Index site morning Yes Yes Yes 

Littoral site Yes Yes Yes 

Lab form Yes Yes Yes 

Index site opticals Yes Yes Yes 

Index site coring Yes Yes Yes 

RBR calibration Yes Yes Yes 

Bacterial Petrifilms No Yes Yes 

Team Photo No Yes Yes 

 

Despite the built-in functions and the great intuitiveness of the electronic forms, the field 

team members must use sound judgement at all times and ensure the accuracy of the 

information entered in the forms.  

4.1 Backup lakes 

If for some reason, such as impossible access, a team cannot access a lake that was 

planned in the itinerary, the team must find a backup lake.  

 

The Maps.Me App is pre-loaded with backup lakes that are in different layers, separated 

by Ecozone. Backup lakes are represented by points that are located in the center of the 

lakes. Points are also color coded by human impact class 

● High human impact class – brown color 

● Moderate human impact class – pink color 

● Low human impact  class – orange color 

  

Lakes represented by points contain additional attributes when clicked on (Fig 4.1): 

● idLAKE - Latitude and Longitude coordinates in DMS format (degree-minute-

second) 

● LakeName - name of the lake 

● Province - province of the lake's location 

● Ecozone - ecozone of the lake's location 

● HI_class - human impact class 

● size_class  - size class, 

● coring_len - targeted coring length 

● Sampled - if lake was sampled in a previous year, possible values "No" and 

"2018" or "2017" 
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Figure 4.1 Attributes of a lake as indicated in the Maps.me Application on the field teams’ Ipad. 

4.1.1 Finding a backup lake 

When the initial lake cannot be sampled, teams can find a backup lake. Three conditions 

must be met, in the order of priority below, to choose the lake that can replace the initial 

lake: 

1.      Same Ecozone 

2.      Same Human impact class 

3.      Same lake size class 

 

If there is no lake in proximity that matches ALL three conditions, a different size class 

can be considered (condition 3). If even then there is no backup lake, a different human 

impact can be considered (condition 2). 

4.1.2 Filling the electronic forms when sampling a backup lake 

Once a backup lake is chosen, it is important to copy the idLAKE of that lake (the lake 

you are sampling in reality). Press the value of the idLAKE, and click on the "Copy" 

option that pops up (Fig 4.2). 

Figure 4.2 Menu that appears when pressing on the idLAKE on the Maps.me Application on the 
field teams’ Ipad. 
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Once the idLAKE has been copied, open the electronic form and fill the fields: 

TeamColor - your team color 

Please select ID – initial lake LakePulse ID 

Was lake xx-xxx sampled – answer "No" 

 

The new field "Please enter the ID of a backup lake" will become visible. Click in this 

field (it will become yellowish) and then press paste on the keyboard (Fig 4.3). The new 

lake ID will paste. 

Figure 4.3 Entering the lake ID of a backup lake in the Index site electronic form. 

 

In the appropriate field, explain why the initial lake was not sampled. 

 

The procedure needs to be repeated for every electronic form. 

5 Pre-departure activities 

Pre-departure activities include validating the daily itineraries as planned in the field 

packet, checking and calibrating instruments, and preparing equipment and supplies. 

Procedures for these activities, which takes place at your accommodation in the 

following sections. 

5.1 Daily itineraries and field packets 

The Field Team Leader is responsible for developing daily itineraries by validating the 

information contained in the field packet. While a weekly itinerary and most of the field 

packets will have been prepared ahead of time by the field teams, field coordinator and 
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GIS specialist, any modification to the packets to take into account any unforeseen 

events have to be finalized on the previous “shipping” day. 

5.2 Weather and safety 

One designated person is responsible for checking the weather conditions daily and 

ensuring that local weather conditions allow for safe field sampling. Field work must not 

be performed in case of heavy winds or thunderstorms. If such conditions are forecasted 

in the area the Field Crew was planning on sampling, the Team Leader may decide to 

sample another lake than the one originally planned in an area where weather conditions 

are more suitable. Large lakes develop larger waves and selecting a small lake may 

allow safe sampling in some conditions that make it dangerous on larger lakes. 

 

Certain areas have frequent forest fires. The team must verify if forest fires are active in 

the area of the planned lakes.  

 

British Columbia: 

https://governmentofbc.maps.arcgis.com/apps/webappviewer/index.html?id=a1e7b1ecb

1514974a9ca00bdbfffa3b1&center=-

125.0490799,50.2254982&level=11&mobileBreakPoint=300 

Yukon: 

https://yukon.maps.arcgis.com/apps/MapSeries/index.html?appid=b15654d170224c19a

a1b8e29a6c57dc3 

Northwest Territories: https://www.enr.gov.nt.ca/en/easymap 

Alberta: https://wildfire.alberta.ca/wildfire-status/status-map.aspx 

If you cannot access these sites and you have any doubts, contact the Sherbrooke team 

(using Slack or Inreach devices) and the coordination team will check for you.  

5.3 Instrument check and calibration 

Test and calibrate instruments prior to sampling. You can calibrate instruments and 

probes prior to departure for the lake site or at the lake, with the exception of the DO 

probe. Because of the potential influence of altitude and atmospheric pressure, take a 

reading of surface (saturated) DO at the site. Field instruments include a multiparameter 

probe unit for measuring temperature, DO, and pH and a GPS receiver. Field crews 

should have access to a backup YSI sonde if any instruments fail in the field. 

5.4 Multi-parameter probe Meter Performance Test 

Test and pre-calibrate the multiparameter probe meter prior to departure from the base 

site, following either the instructions developed for the instrument or the manufacturer's 

calibration and maintenance procedures. Field crews should perform a QC check of the 

pH meter calibration (and conductivity meter calibration, if this optional measurement is 

taken) at regular intervals designated by the manufacturer. Field crews are provided with 

test solutions kits for the full season. 

https://governmentofbc.maps.arcgis.com/apps/webappviewer/index.html?id=a1e7b1ecb1514974a9ca00bdbfffa3b1&center=-125.0490799,50.2254982&level=11&mobileBreakPoint=300
https://governmentofbc.maps.arcgis.com/apps/webappviewer/index.html?id=a1e7b1ecb1514974a9ca00bdbfffa3b1&center=-125.0490799,50.2254982&level=11&mobileBreakPoint=300
https://governmentofbc.maps.arcgis.com/apps/webappviewer/index.html?id=a1e7b1ecb1514974a9ca00bdbfffa3b1&center=-125.0490799,50.2254982&level=11&mobileBreakPoint=300
https://yukon.maps.arcgis.com/apps/MapSeries/index.html?appid=b15654d170224c19aa1b8e29a6c57dc3
https://yukon.maps.arcgis.com/apps/MapSeries/index.html?appid=b15654d170224c19aa1b8e29a6c57dc3
https://www.enr.gov.nt.ca/en/easymap
https://wildfire.alberta.ca/wildfire-status/status-map.aspx
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5.5 Electronic devices battery management 

Whenever possible, electronic devices should be charged overnight. This is of primary 

concern for the optical instruments (notably the fluoroprobe) which consume a lot of 

power. Turn on all electronic devices and check the batteries prior to departure.  

If overnight charging still results in a battery warning display at the beginning of the day 

for an instrument, try to minimize its time turned on while unused and contact the 

coordinator to assess whether the instrument itself is at fault. The electronic devices that 

should be checked and recharged daily are the following: 

 Inreach device 

 Tablets 

 Optical instruments (ACS, BB9, fluoroprobe) 

 Portable computer for optical instruments 

 12V lead battery 

 Depth finder 

 Walkie-talkies 

5.6 Freezers and refrigerator 

The status of the batteries that are temporarily used to power the freezers and 

refrigerator must be checked at least twice a day. Once in the morning and once in the 

evening. The generator should be used to recharge the battery when other sources of 

power are not available. 

5.7 Gasoline 

Make sure to have sufficient gasoline for the truck, generator and boat motor for the day. 

If you are in the backcountry, fill enough gas tanks to ensure you have enough gasoline 

for the truck, generator and boat motor for the entire duration of your stay in the 

backcountry, until you come across a gas station again. 

5.8 Daily activities 

Each field team consists of four people, including a team leader. The field team is then 

divided into two subteams of two people, referred to as team A and team B. In the 

morning, team A reaches the index site by boat while team B is doing shore activities. In 

the afternoon, teams switch and team B reaches the index site by boat while team A is 

doing shore activities. 

6 Daily field activities summary 

Figure 6.1 provides a summary of all the samples and information retrieved at each lake, 

with their respective locations. The daily activities should proceed in the order indicated 

in Fig 6.2. Some of these are done simultaneously by the two subteams. The subteam A 

consists of P1 (Person 1) and P2 (Person 2), while the subteam 2 consists of P3 

(Person 3) and P4 (Person 4). Each person receives a specific training for the tasks 
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allocated to her/his role. Only the littoral activities can be carried out at a different time in 

the schedule. 

6.1 Sampling Scheme   

Most of the field sampling occurs at the index site (deepest point of the lake), with some 

sampling at the littoral site (Fig 6.1). 

Figure 6.1 Visual sampling scheme. Numbers in parenthesis indicate the number of samples 
taken. Note: this sampling scheme reflects the protocol for the 2019 field survey. Some 
differences exist between the 2017, 2018 and 2019 field survey, which are described in relevant 
sections of the protocol.  
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6.2 Daily schedule 

Time Subteam A Subteam B 

09:00 
Launch boat, calibration of multiparameter sonde: DO and pressure, pack equipment in the boat 

09:15 

09:30 Macrophytes 

Reach index site, anchor boat 

Geolocation of index site, weather, birds, 

buildings 

Bacteria (coliforms) 

Pestpharma - epilimnion 

RBR profile, secchi 

Dissolved gases 

Epilimnion and hypolimnion sampling 

Pestpharma - hypolimnion 

Zooplankton & phytoplankton tow 

Littoral sampling: viruses 

09:45 

Set-up lab and lab stations 

Process blanks (if applicable) 

Prepare optics material on shore 

10:00 

10:15 

10:30 

10:45 

11:00 

11:15 

11:30 

Lunch 

11:45 
Return to shore – littoral sampling (viruses 

and CH4) on the way back 

12:00 
Lunch 

Reach index site 

12:15 

Optical tests 

Afternoon (optics) sampling 

12:30 

Sample preparation 

 

Filtrations 

12:45 

13:00 

13:15 

13:30 

13:45 Return to shore, bring water sample to lab 

14:00 Return to index site 

14:15 

Sediment coring 

14:30 

14:45 

15:00 

Clean and disassemble lab, set up extruding 

station, decontaminate equipment, start 

packing 

15:15 

15:30 

15:45 Return to shore 

16:00 
Extrude cores 

16:15 

16:30 Finish cleaning and packing equipment, ensure all samples are in the appropriate storage 

location) 16:45 

17:00 Leave site 

 evening 
Report back to headquarters, submit all electronic forms, prepare for the next days: check 

consumables, read field packets, verify lake access 

 

Legend 

Access site Index site (deepest point) Littoral site 

Figure 6.2 Daily sampling schedule. 
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6.3 What to do if time is tight 

For any number of reasons, you may be running late to sample a lake. It is preferable to 

sample a lake with less variables than not sample a lake at all. If you have to drop 

variables, try to do it in the following order (dropping the ones at the top of the list first).  

1. CH4 bubbling 

2. Macrophytes survey 

3. Core #4 (if you are a day when this core should be collected) 

4. Core #3 

5. Optical instruments 

6. Optical water samples  

1. These can be collected in the morning index site outing if you are not going 

to run instruments 

2. Optical water samples are useful without the optical instruments, but optical 

instruments are not useful without the water samples 

7. Carboy B of morning index site 

8. Dissolved gases (CO2, CH4, O2, N2O)  

9. Cores #1 and #2 

 

Use your judgment as some variables in this list may save you a lot more time than 

others so reorder if you feel you can do more by dropping some down the list. Dropping 

all the variables on this list should allow you do sample a lake in about half of the time. 

Keep in mind that the optics instruments should be done between ~ 10:00 and 15:00. If 

you have to drop more variables, it is preferable not to sample the lake, rest and prepare 

for the upcoming lakes/shipping, etc. 

7 Shore activities 

7.1 Preparation of field sampling equipment  

Before heading out to the index site in the morning, the crew must verify that all the 

materials required are packed and that sensors are calibrated.  

 

 Calibrate the pH sensor (see APPENDIX H: Calibration of pH sensor), record the 

atmospheric pressure during calibration. 

 Verify equipment and consumables lists with morning sampling lists (see Table 

7.1 and Table 7.2). 
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Table 7.1 Morning index site sampling equipment lists. 

A) Boating equipment list 

Quantity Boating Equipment End of day treatment 

1 Boat Wash with vinegar 

1 Motor and full gas tank Wash with vinegar 

2 Oars Wash with vinegar 

2 Anchor in pierced bucket + 80 m rope Wash with vinegar 

1 Walkie-talkie Charge batteries 

2 PFD with whistle - to be worn at all times Dry 

1 Depth finder with batteries Charge batteries 

1 Kestrel Dry 

1 Boat essentials kit (Kestrel, small first aid kit, spark plug, 

sharpie, zip ties, metal brush, pliers, electric tape, duct 

tape, lighter, exacto) 

Replace any used items 

1 Boat safety kit (orange bailer, flash light, floating rope)   

1 Ipad Pro in waterproof case Charge batteries 

 

B) Index site morning sampling equipment list 

Quantity Sampling equipment End of day treatment 

1 Hannah pH-meter Calibrate 

1 Zooplankton net on rope Wash with vinegar, dry 

1 Zooplankton net tow kit (see orange table below) Refill 

1 Secchi + 10 m marked rope + 2 clothes pin Wash with vinegard 

1 Measuring tape   

1 Funnel (small - to fill phytoplankton bottle)   

1 Funnel (large - for methane bubbling)   

1 Lugol’s solution   

1 Binoculars (For birds/macrophyte/shoreline)   

1 Dissolved gases kit (see blue table below)   

1 Cooler with ice packs (blue, 45 L)   

2 Epilimnion carboy (9 L) Acid-wash 

1 RBR multiparameter sonde Calibrate 

1 Bucket  - pierced with marked 80 m rope + 2 locking 

carabiners 

  

1 Beverage cooler (RBR calibration)   

1 Integrated tube sampler Acid-wash 

1 Van Dorn water sampler Wash with vinegar 

1 Index site morning consumables kit (see green table) Refill 
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C) Index site morning - zooplankton net tow kit 

 Quantity Sampling equipment End of day treatment 

1 Zooplankton net (100 µm) Wash with vinegar, dry 

1 Zooplankton basket (100 µm)   

1 Rope 25 m (1m - marked)   

1 Squirt bottle - DI water Refill 

1 Squirt bottle - lake water Empty 

1 Small bucket (ice cream bucket)   

Multiple Alka-seltzer tabs Refill 

1 Ethanol 95% bottle Refill 

  

D) Index site morning - Dissolved gases kit 

 Quantity Sampling equipment End of day treatment 

1 Small hard cooler   

4 Wet syringe (140ml) with attached 3-way stopcock Air dry 

4 Dry syringe with 2-way stopcock Air dry 

1 2-way male luer-lock Air dry 

1 3-way male luer-lock Air dry 

2 27 gauge needles Air dry 

1 Digital thermometer   

1 Alcohol thermometer (as a backup for the digital 

thermometer) 

  

Multiple Hydrophobic filter Air dry 

  

E) Index site morning – consumables 

 Quantity Sampling equipment 

2 Gloves (bag with several pairs); replace as needed 

1 Bacteria bottle 

1 Consumables kit for dissolved gases 

3    Labco Exetainer® vials 12 ml preloaded with ZnCl2 - yellow tape (δ18O2)  

1    HDPE 30 ml bottle with orange tape (δ2H) 

3    Labco Exetainer® vials 12 ml evacuated (CO2, CH4, δ13CO2, δ13CH4) 

3    Vials with septa 20 ml (2 for N2O and 1 for air)) 

1    Ultra-zero air bag (1 bag for ~ 3 lakes) 

2 Pestpharma bottle (Nalgene HDPE amber narrow mouth, 1 L) - if applicable 

1 Zooplankton bottle (specimen cup, 120 ml) 

1 Phytoplankton bottle (boston round bottle, 120 ml) 

2 Extra zooplankton bottle; replace when needed 
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Table 7.2 Morning littoral site sampling equipment list 

Littoral site sampling equipment 

Quantity Equipment End of day treatment 

Several Nitrile gloves Refill 

1 CH4 bubbling kit (see purple table) Air dry overnight 

1 Littoral site morning consumables kit (see red table) Refill 

 

CH4 bubbling kit 

Quantity Equipment 
End of day 

treatment 

1 Large plastic funnel (30 cm) Air dry 

2 Plastic 60 ml syringe  with 2-way stopcock - WET syringes Air dry  

2 Plastic 60 ml syringe  with 2-way stopcock - DRY syringes Air dry 

1 3-way stopcock Air dry 

2 Needles Air dry 

Several Hydrophobic filters (change occasionally) Air dry 

 

Littoral sampling – consumables 

Quantity Sampling equipment 

2 Bacteria bottle (Nalgene wide-mouth HDPE sterile, 250 ml) 

2 - 6 Virus swabs 

4 Labco Exetainer® vials 12 ml evacuated 

 

7.1.1 Preparing the tube sampler and carboys 

The tube sampler and carboys are acid-washed overnight. They must therefore be 

rinsed appropriately at the beginning of each day, before leaving on the boat to the index 

site. 

 

1. Take two plastic buckets and fetch subsurface lake water at least 100 m away 

from shore. 

2. Keep one bucket for the first post-acid rinse, and one bucket for the second, third 

and fourth rinse. Also reserve one bucket for temporary storage of rinse water. 

3. Open the acid bath. Remove the metal ring so that acid does not fall onto it 

(creates rust), and store in a clean place to prevent particles from entering the 

mechanism. 

4. Empty the acid contained in the carboys and tube sampler in the acid bath. 

5. Take one plastic beaker from the acid bath and use it to pour about 1 L of lake 

water into the tube sampler. Close the valve, agitate the tube sampler, and 

discard water in the rinse water bucket. 

6. Repeat three more times, for a total of ‡4 rinses‡. 

7. Repeat steps 4 - 6 with each carboy. 



 

35 

 

8. Keep all three buckets near the mobile lab, those are used for rinsing the 

material in the acid bath. 
‡In 2017, the labware was rinsed 3 times. In 2018 and 2019, the labware was rinsed 4 times. 

7.2 Preparing the index site electronic form 

Before leaving the shore fill in the Lake Information section of the Index site electronic 

form.  

1. Select team color and the lake ID from the list 

2. Enter whether this site has been chosen to include blanks (pre-determined); 

3. Enter team names, date and time; 

 

Verify on the electronic form if this lake was selected for bacteria and pestpharma. If so, 

make sure to bring the appropriate consumables. 

7.3 Preparing consumables  

Consumables to bring at the index site include the ‡index site consumables‡ (Fig 7.1) 

and the littoral consumables (Fig 7.2) ‡ (Table 7.3). Labelling prior to going on the water 

is encouraged as the labels stick better when dry. Always wear gloves when labelling 

consumables. 

 

Figure 7.1 Consumables for the index site morning sampling. 
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Figure 7.2 Consumables for the littoral site sampling. 

 

Table 7.3 ‡ Index site morning and littoral site variables that have changed between the 2017 and 
2019 field surveys.  

Variable 2017 2018 2019 

BACI1 (Bacteria, Index site) 2 bottles of 250 ml, 

in 50 lakes only 

1 bottle of 50 ml, in all lakes 

DGAS1 (Dissolved gases: CO2, 

CH4, Index site) 

4 vials 3 vials 

BACL0 (Bacteria, Littoral site) 2 bottles of 250 ml, 

in 50 lakes only 

1 bottle of 50 ml, in all lakes 

BACLS_A (Bacterial sediments) No sample In ~ half lakes 

 

7.4 Setting up the mobile laboratory 

While subteam A heads to the index site, subteam B must set up the mobile laboratory 

in order to prepare for the filtration. 

7.4.1 Filtration tent 

1. Set up the tent on even terrain and install the four stakes immediately. The four 

stakes should always be installed as a safety precaution. Weather can change 

rapidly and we never know when the wind will pick up. If the winds are strong, 

you can also use straps to attach heavy items (marine batteries, acid bath, etc.) 

to the tent poles. Install the four tent walls and have the door facing the least 

sunny side to limit incoming light as much as possible. 

2. Set up the table on even terrain, you can use the two 4x4 wooden blocks to help 

stabilizing and bring the table higher, if desired. Disinfect the table with the 

ethanol spray. Put 2 or 3 absorbent pads on the table. 

3. Install the filtration ramps and pump on one side of the table and the syringe 

filtration material on the other side (Fig 7.3). 

4. Label consumables (refer to field aide-mémoire). 
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Figure 7.3 Mobile laboratory setup. 

7.4.2 Acid bath (for lakes without blanks) 

1. Bring the acid bath in the mobile laboratory filtration tent and place it by the table. 

2. Bring the two buckets filled with subsurface lake water (fetched about 100 m from 

shore, see section 7.1.1) by the table. 

3. Open the acid bath. Remove the metal ring so that acid does not fall onto it 

(creates rust), and store in a clean place to prevent particles from entering the 

mechanism. 

4. Remove one item at the time from the acid bath, making sure to empty 

completely the acid in the bath. 

5. Submerge each item in the bucket labelled as "1st rinse", shake well. Drain water, 

then rinse twice in the bucket labelled as "2nd rinse". 

6. Repeat steps 4 - 6 for each item in the acid bath. For graduated cylinders, use a 

plastic beaker to fill lake water into the cylinder. Place all the rinsed labware on 

the absorbent pads on the table. If small items sink at the bottom of the acid 

bath, use the BBQ tongs to reach. Inserting small items into the mesh bag 

prevents this. 

7. Install the rinsed filtration units on the filtration ramp. 

8. Cover the graduation cylinders and filtration units with aluminum foil to protect 

from dust and particles. 

9. Use sodium bicarbonate to neutralize the rinse water, discard the neutralized 

water at least 100 m away from the lake. 

7.4.3 Acid bath (for lakes with blanks) 

1. Bring the acid bath in the mobile laboratory tent and place by the table. 
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2. Open the acid bath. Remove the metal ring so that acid does not fall onto it 

(creates rust), and store in a clean place to prevent particles from entering the 

mechanism. 

3. Remove the following items, one at the time, from the acid bath, making sure to 

empty completely the acid in the bath. Rinse with DI water ‡4 times‡ and put on 

the absorbent pads. 

1 plastic beaker 

1 filtration syringe 

2 plastic graduated cylinders 

1 plastic filtration unit 47 mm 

1 plastic filtration unit 25 mm 

4. Install the rinsed filtration units on the filtration ramp. 

5. Cover the graduation cylinders and filtration units with aluminum foil to protect 

from dust and particles. 

6. Rinse the rest of the plastic labware with lake water. When subteam A returns 

from the lake, indicate clearly to P1 and P2 the labware that has been rinsed with 

DI water. 

7. Use sodium bicarbonate to neutralize the rinse water, discard the neutralized 

water at least 100 m away from the lake. 
‡In 2017, the labware was rinsed 3 times. In 2018 and 2019, the labware was rinsed 4 times. 

7.4.4 Acid-wash glassware 

After the acid bath is empty from all the plastic labware, the glassware can be acid-

washed. 

 

1. Put the glass graduated cylinders in the acid bath, use a plastic beaker to fill acid 

into the cylinders. 

2. Put all the glass labware in the acid bath, inserting all small items into the mesh 

bag. 

3. Close the acid bath well and let soak for 20 minutes. 

4. Open the acid bath. Remove the metal ring so that acid does not fall onto it 

(creates rust), and store in a clean place to prevent particles from entering the 

mechanism. 

5. Remove one item at the time from the acid bath, making sure to completely 

empty the acid in the bath. 

6. Use DI water to rinse all the glass labware. Use DI water sparingly, while still 

rinsing well. Use ~ 50 - 100 ml of DI water for each rinse of the graduated 

cylinders, making the DI water run along the sides of the cylinder to rinse well. 

Discard all rinse water in a bucket. 

 

Repeat step 6 for each item in the acid bath. Place all the rinsed labware on the 

absorbent pads on the table. If small items sink at the bottom of the acid bath, use the 

BBQ tongs to reach. Inserting small items into the mesh bag prevents this. 
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Once all the rinsing is done, use baking soda to neutralize the rinse water and discard at 

least 100 m away from the lake. 

8 Morning index site activities 

Each time a team goes on board to reach the index site or perform other activities on the 

lake, the team should pack the items listed in table 7.1 A for safety reasons.  

8.1 Macrophyte survey 

We attempt to get a rapid and representative idea of the macrophyte coverage on the 

lake. This operation should take about 10 minutes in total. 

 

Position your boat at about 10 m from the shoreline from the launch location. If you feel 

the launch site is not representative of the other area of the lake, choose a location that 

you feel is more representative.  

 

On the Index Site electronic form, record the Geolocation of the boat (you will likely 

need to press on the electronic form’s map multiple times to get a precision of ≤ 10 m) 

and tick whether macrophytes extend further than 10 m from the shoreline lakeward.  

 

For about 50 m (~half a soccer field) on either side of your location (you can move the 

boat slowly along the shore), estimate the areal cover of submerged, emergent (i.e., 

has erect portions above the water surface), floating/floating leafed (either rooted or 

non-rooted vegetation), and total macrophytes within the littoral zone. Cover categories 

range from absent to very heavy: 

0 = absent (0% cover)  

1 = sparse (<10% cover)  

2 = moderate (10 – 40% cover)  

3 = heavy (>40 – 75% cover)  

4 = very heavy (>75% cover)   

 

Each of the three types of aquatic macrophytes (submergent, emergent, floating) can 

have cover ranging from 0 – 100%. They are evaluated independently, so the sum of 

their separate covers is theoretically 0% to 100% times the number of types. The 

combined cover of submergent, floating, and emergent aquatic macrophytes could 

theoretically add up to 300% due to the overlap of plant types within the water column. 

The fourth question (total Macrophyte) asks how much areal cover is there if you ignore 

the types and just estimate how much of the littoral plot has aquatic macrophyte cover of 

any type, where this value is constrained to 0-100%.  
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8.2 Reaching the index site 

1. Navigate to the deep zone of the lake and find the deepest point (index site) of 

the lake using the depth sounder. When no bathymetry information is available, 

the crew should direct itself to the center of the lake and attempt to find the 

deepest point in this area by taking measurements with the depth finder.  

2. Once at the index site, turn your boat to face the wind and set a first anchor at 

the bow (front) of the boat, tighten the rope that attaches the bow to the anchor.  

3. Let the boat stabilize facing the wind. 

4. Loosen the rope at the bow of the boat, allowing a few meters of loose (ideally, in 

rough conditions, 7 to 10 times the depth of the water in which you anchor). 

5. Set the second anchor at the stern (back) of the boat and attach the rope to the 

stern. 

6. Re-tighten the rope at the bow of the boat, if needed. (see Fig 8.1) 

 

Figure 8.1 Position of boat and anchors at the index site. 

8.3 Geolocation of the index site and weather 

The purpose of this section is to provide the geolocation of the index site as well as 

report the weather conditions under which the sampling is done that day. The use of 

surveys and photos will serve to qualify the lakes in terms of key environmental 

conditions. 

 

On the Ipad, fill in the "Index site sampling" part of the "Index Site" electronic form. 

8.3.1 Geolocation – index site 
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1. Geolocation of index site: Use the Ipad to find the latitude and longitude 

of the index site. If the accuracy is larger than 100 m, press on the black 

target symbol again and repeat until the accuracy is under 100 m. If you are 

unable to get under 100 m, take accept one of ‘best accuracy reading that 

you get’. 

2. Depth of index site: this should be re-measured once the boat is anchored 

and stabilized. Make sure that the depth finder is perpendicular to the water 

(when at an angle it overestimates depth). For very shallow lakes use a 

paddle and measuring tape to measure depth as the depth finder may not 

work under such conditions. 

8.3.2 Weather conditions – index site 

3. Use the Kestrel and compass App on your Ipad for the following weather 

conditions: 

 Air temperature: Scroll through the user screens on the Kestrel until 

you see the air temperature screen. Put the Kestrel in the shade (no 

heat from sun or hands) and record the air temperature in degrees 

Celsius. 

 Relative humidity: Scroll through the user screens on the Kestrel until 

you see the relative humidity screen, record the relative humidity in %. 

 Atmospheric pressure: Scroll through the user screens on the Kestrel 

until you see the air pressure screen. Record the atmospheric pressure 

in mbar (=hPa). 

 Wind speed: Scroll through the user screens on the Kestrel until you 

see the wind speed screen. Turn off the Kestrel, and turn back on while 

holding it at arm’s length above your head so as not to interrupt the 

flow of wind with your body (but don’t stand in the boat). Hold for 30 

seconds. Record the maximum and average wind speed. 

 Wind direction: Use the ipad Compass App to record the direction 

that the wind is coming from. 

4. Precipitation: Choose between “None”, “Light,” or “Heavy”. 

5. Water State: Choose between “Flat,” “Ripples,” “Choppy,” or “Whitecaps”. If 

you choose the latter consider whether or not it is safe to continue. 

6. Sky conditions: Select the image on the Index site electronic form that 

better represents the sky condition, on a scale from 0 to 9. 

7. General weather conditions: Space provided to enter general condition 

notes for anything exceptional about the site. This is at the discretion of the 

field team. 

8.3.3 Lake characteristics – Index site 

8. Birds:  We are particularly interested in the presence of migrating aquatic 

birds ("ducks", "geese", "swans") as well as gulls as vector of influenza 
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strains. The Bird survey section of the electronic form allows you to select 

whether or not birds are present ("yes" or "no") and provide a count of the 

number in broad categories: “ducks”, “geese, “gulls”. If you choose “other”, a 

text field allows you to add further information. If you can identify the birds 

more specifically than the broad categories proposed, use ‘other’, enter the 

name and provide a number of birds. 

9. Presence of odor: Choose “Yes” or “No” and describe the odor if present. A 

normal "lake odor" should not be noted, but any other unusual odor should. 

10. Presence of scum: Choose “Yes” or “No” and describe the scum or bloom 

present and take a photo. 

11. Presence of floating material: indicate the presence of floating material 

such as pollen, cyanobacteria, bubbles, wood, etc. 

12. Presence of windrows: Choose “Yes” or “No” (Fig 8.2). 

13. Buildings: Estimate of shoreline development (% of shoreline modified by 

human including building, landscaping, docks, etc.)..  

14. Site photos and video: Take photos that you consider most representative 

of the lake in general. You can also make a panorama; go to the camera app, 

choose “PANO”. It takes a bit of practice. Then, return to the electronic form 

in Safari, click on “Take a picture of the lake” and select the appropriate photo 

in the photo library. You may also take a video, especially if you hear many 

birds. This will help identifying bird species later on. 

8.4 Bacteria (coliforms) 

8.4.1 Summary of Method 

Collect water samples for bacteria (coliforms) with one grab sample from about 0.3 m 

below the water surface in a ‡50 ml conical tube‡. Those samples are collected at the 

index and littoral sites for all lakes. 
‡In 2018 and 2019, one 50 ml sample was collected in every lake. In 2017, two 250 ml samples were 

collected in a total of 50 lakes. 

Figure 8.2 Windrows 
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8.4.2 Equipment and supplies 

Table 8.1 List of consumables, equipment, personal equipment and particular precautions for the 
index site morning – bacteria (coliforms). 

# 

1 

Consumables 

Centrifuge tube 50 ml 

Post-sampling storage 

Cooler with ice packs 

Mobile lab/transport 

Refrigerator (4oC) 

 

Equipment (non-consumables) 

None 

Treatment 

 

 

Personal equipment 

 Nitrile gloves 

 

Particular precautions 

 Wear nitrile gloves to prevent contamination of samples. 

 Do not handle any food, drink, sunscreen, or insect repellant until after the water sample 

has  been collected, or implement measures to reduce contamination by such chemicals, if 

applied, such as washing, wearing long gloves, etc. 

8.4.3 Sampling Procedure 

While anchored at the index site, collect a grab sample from 0.3 m below the water 

surface using the sterile bacteria (coliforms) bottle. 

 

1. Put on surgical gloves (non-powdered). Do not handle any food, drink, 

sunscreen, or insect repellant until after the water sample has been collected, or 

implement measures to reduce contamination by such chemicals, if applied, such 

as washing, wearing long gloves, etc. 

2. Remove the cap from the tube. 

3. Do not rinse the tube and avoid touching the inside of the tube or the inside of 

the cap. 

4. Carefully invert the tube. Dip the sample container to a depth of 0.3 m avoiding 

surface scum and other obvious debris. At that depth, push the mouth of the 

sample container away from you. 

5. Once filled, lift the tube out of the water. 

6. Pour off excess water until the water is at ~45ml. 

7. Tightly replace the cap, being careful to avoid touching the inside of the tube or 

the threads. 

8. Immediately after the sample is collected, place in a cooler with an ice pack to 

minimize exposure to light and begin chilling the sample, store in the refrigerator 

when possible. 
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8.5 Pestpharma in epilimnion (in half lakes) 

8.5.1 Summary of the methods 

Water samples are collected in the epilimnion and in the hypolimnion in half the lakes, 

which were pre-determined. Those samples are used to analyze pesticides and 

pharmaceutical products concentration in lake water.  ‡ A 1 L amber HDPE bottle is 

filled directly‡ with lake water and kept in the cooler while on the boat, then in the -20oC 

freezer. 
‡ In 2017, the Pestpharma bottle was filled in the mobile laboratory from the index site carboy. In 2018 and 

2019, the bottle was collected directly at the index site to prevent any contamination. 

8.5.2 Equipment and supplies 

Table 8.2 List of consumables, equipment, personal equipment and particular precautions for the 
index site morning – pestpharma. 

Consumables 

  1 Nalgene amber HDPE 1 L bottle 

Post-sampling storage 

Cooler with ice packs 

Mobile lab/transport 

Freezer (-20⁰C) 

 

Equipment (non-consumables) 

 None 

Treatment 

 

 

Personal equipment 

 Nitrile gloves 

 

Particular precautions 

 Wear nitrile gloves to prevent contamination of samples. 

 Keep the carboys wrapped in dark material to prevent sunlight exposure (e.g. garbage bag). 

Important: Pestpharma analyses are very sensitive, particularly to personal care products 

(sunscreen, insect repellent, deodorant, perfume) and products that contain caffeine (coffee, 

tea, chocolate). If you touched some of those products, please wash your hands thoroughly 

before putting on clean nitrile gloves. Change gloves whenever necessary. Please be extra 

cautious on lakes where samples for pestpharma analyses are retrieved. 

8.5.3 Sampling procedure 

While anchored at the index site, collect a grab sample from 0.3 m below the water 

surface using the 1 L HDPE bottle. 

 

1. Put on surgical gloves (non-powdered). Do not handle any food, drink (no coffee 

or tea that morning), sunscreen, or insect repellant until after the water sample 

has been collected. 

2. Remove the cap from the bottle. 
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3. Carefully invert the bottle. Dip the sample container to a depth of 0.3 m avoiding 

surface scum and other obvious debris. At that depth, push the mouth of the 

sample container away from you. Then lift the tube from the water. Pour about 

50% of the water on the other side of the boat, and being careful to not touch the 

inside of the bottle, put the cap on, shake and pour content. 

4. Repeat step 3 three more times for a total of 4 rinses. 

5. Carefully invert the bottle. Dip the sample container to a depth of 0.3 m avoiding 

surface scum and other obvious debris. At that depth, push the mouth of the 

sample container away from you. Then lift the bottle from the water. 

6. Pour off about 150 ml of excess water into the measuring container provided. 

7. Tightly replace the cap, being careful to not touch the inside of the bottle, the 

inside of the cap or the threads of the bottle. 

8. Immediately after the sample is collected, place in a cooler with an ice pack. 

Store in the -20oC freezer when onshore. 

8.6 Temperature, DO, pH and fluoroprobe profile 

8.6.1 Summary of Method 

Temperature, dissolved oxygen, pH, chlorophyll a and algal pigment fluorescence 

measurements are taken vertically through the water column using a RBR multi-

parameter water quality sonde. In addition, for some teams, a fluoroprobe is used (this 

instrument provides algal group concentrations in the water column from fluorescence 

analyses).  

8.6.2 Equipment and supplies 

Table 8.3 List of consumables, equipment, personal equipment and particular precautions for the 
index site morning – temperature, DO, pH and fluoroprobe profile. 

Consumables 

  None 

Post-sampling storage 

 

Mobile lab/transport 

 

 

# 

1 

1 

 

1 

1 

 

1 

Equipment (non-consumables) 

 Ipad tablet with electronic forms, in waterproof case 

 RBR Multi-parameter probe on rope 

 

 Rope (80 m long, marked, in a pierced bucket) 

 Beverage cooler, filled with surface lake water for DO calibration 

 

 Fluoroprobe (if applicable) 

Treatment 

Charge 

Calibrate, wash with 

vinegar, dry 

Dry 

Wash with vinegar, dry 

Calibrate, wash with 

vinegar, dry 

 

Personal equipment 

 None 
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Particular precautions 

 Ensure the sensors were well calibrated 

 Remove caps on all sensors 

8.6.3 Instrument calibration and preparation 

Refer to APPENDIX H for the calibration of pH. 

 

Note: The caps for the pH sensor are filled with different solutions: 

The milky electrode (white cap) should be stored in a saturated KCl solution for storage 

The clear electrode (blue cap) should be in pH 7 buffer or clean water. 

 

Enter calibration information in the ″RBR - Index site’’ field of the electronic form. 

8.6.4 Depth Profile Procedure & DO probe saturated sample procedure 

Below are the step-by-step procedures for using the RBR multiparameter probe.  

8.6.4.1 Preparing the water for 100% oxygen calibration 

1. Rinse the beverage cooler with surface water twice and fill it to where the 

taper starts. Take the pH measurement with the Hannah pH sensor and 

record it in the electronic form under ‘Surface pH’. 

2. Start the pump and let the pump run for 30 minutes while you are continuing 

with this procedure. 

8.6.4.2 Taking the profile 

3. On the IPad, open the Ruskin App and connect to the sonde. 

a. If Ruskin instrument doesn’t connect immediately to the RBR, turn on 

the instrument by rotating the switch at the top to “on” setting and go to 

Ipad settings -> Wi-Fi -> Select the RBR XXXXXX network. Note. The 

instrument does not necessarily vibrate if the logger is not started at 

this point but the Wi-Fi Network will be enabled. If you do not see the 

RBR XXX Network repeat turn off and on again the switch. 

b. Turn the logging off by rotating the switch to the off setting. 

c. Return to Ruskin -> instrument and press start. Sampling does not 

start because the logging is off on the top switch but the logger is 

ready to start (start) 

4. Remove all caps from the sonde (2 pH electrodes, fluorometer and oxygen 

sensor). 

5. When you are ready to use the sonde, put the sonde in the water and leave it 

at the surface for about 1 minute for sensor temperature to equilibrate. 

6. Turn on the sonde, wait for data to start being acquired. 
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7. Slowly lower the sonde (about 10 cm/s) in the water to about 1 m above the 

lake depth. You will lose the connection with the instrument once it is in the 

water. 

8. Bring the sonde back to the surface. 

9. Turn off the sonde by rotating the end cap to the off position. You may need to 

reconnect (simply go to the Ipad setting and choose the right network under 

Wifi). The data should download. Stop the logger by pressing "stop" on the 

instrument screen in Ruskin. 

10. Go to dataset and make sure you have a downloaded dataset (look at the 

times for all the datasets) 

a. Look at the dataset to determine whether the lake is stratified and note 

the depth of the metalimnion in the electronic form. 

8.6.4.3 Taking the 100% oxygen calibration 

11. After 30 minutes of bubbling, unscrew the oxygen sensor holder and remove 

the oxygen sensor. Put the oxygen sensor at the bottom of the cooler while 

the pump continues to bubble. 

12. Put the RBR on top of the oxygen sensor with the open portion of the 

protective cage over the oxygen sensor. Make sure the temperature sensor is 

submerged. 

13. Start the logger (press start) and turn the end cap to the on position. 

14. Log at least 3 minutes of data and verify that the data is stable (not trending 

up or down).  If the data is stable, this file will be the ‘calibration file’ for the 

oxygen. 

a. If the data is trending up or down, keep bubbling until the oxygen data 

stabilizes. Stop logging and the logger (turn off end cap and press 

stop). Go to dataset, delete the last data recorded (the calibration). 

b. Start the logger (press start) and turn the end cap to the "on" position. 

Record 3 minutes of data and use this file as the calibration file. 

Record the name in the electronic form. 

8.7 Secchi Disk Transparency 

8.7.1 Summary of Method 

A Secchi disk is a black and white patterned disk used to measure a lake’s clarity 

(Fig 8.3). Take the reading on the shady side of the boat, without sunglasses, hat, or 

other viewing aids. Record the depths where the disk disappears when descending and 

reappears when retrieving.  
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Figure 8.3 Secchi disk diagram (EPA, 1991). 

8.7.2 Equipment and Supplies 

Table 8.4 List of consumables, equipment, personal equipment and particular precautions for the 
index site morning – Secchi disk transparency. 

Consumables 

  None 

Post-sampling storage 

 

Mobile lab/transport 

 

 

# 

1 

1 

1 

2 

Equipment (non-consumables) 

Ipad tablet with electronic form, in waterproof case 

Secchi disk with marked 10 m rope 

Measuring tape 

Clothes pin (optional) 

Treatment 

Charge 

Wash with vinegar, dry 

 

Personal equipment 

 None 

 

Particular precautions 

 Perform on shady side of the boat 

 Remove sunglasses 

 Have the same person doing the measurement in every lake, as much as possible 
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8.7.3 Procedure for Determining Secchi Transparency 

Because different people measuring Secchi transparency at the same site may obtain 

different results (due to differences in vision and interpreting disk disappearance and 

reappearance), it is recommended that one crew member conducts Secchi disk 

measurements at all lakes for the entire field survey. If the lake is shallow and the water 

clear, the Secchi disk might reach the bottom and still be visible. If this is the case, it is 

important to not stir up the sediments while anchoring the boat. Move the boat away 

from the anchor before taking the reading. If the disk is visible at the bottom of the lake, 

indicate this by ticking "yes" (or "No" otherwise) on the "clear to bottom" box on the 

Index Sample Collection Form and record the water depth in both the disappearance 

and reappearance fields.  

 

The following procedure is to be followed when collecting Secchi disk measurements: 

1. Confirm that the lowering line is firmly attached to the Secchi disk. 

2. Remove sunglasses and hat. Also, do not use view scopes or other visual aids. If 

wearing prescription sunglasses, temporarily replace them with regular clear lens 

prescription glasses. 

3. Lower the Secchi disk over the shaded side of the boat until it disappears. 

4. Read the depth indicated on the lowering line. Record the disappearance depth 

by clipping the clothes pin and measuring the length. Record the disappearance 

depth on the Index Sample Collection form. Using the depth of disappearance, 

the electronic form calculates the depth of sampling (2 times the disappearance 

depth as a proxy for the euphotic zone depth) for the water samples taken with 

the integrated water sampler (This value is reported in the Epilimnion water 

samples section title): 

1. If euphotic zone is less than 2 meters, water samples are collected only 

within the euphotic zone. 

2. If euphotic zone is greater than 2 meters, water samples are collected 

from the top 2 meters of the water column. 

5. Lower the disk a bit deeper and then slowly raise the disk until it reappears and 

record the reappearance depth, using the same level of precision as before. 

6. Secchi - Notes:  Note any conditions that might affect the accuracy of the 

measurement in the comments field. 

8.8 Dissolved gases 

8.8.1 Summary of the methods 

This section comprises the methods for the collection of δ18O2 and δ2H isotopes, δ13CO2, 

δ13CH4, CO2 and CH4 ppm, N2O and ambient air. The δ18O2 samples are water samples 

while all the other samples are gaseous. To be filled at the site:  

 3  Vials 12 ml (preloaded with ZnCl2) for δ13O2 (4oC) 

 4  ‡Vials 12 ml (evacuated) for δ13CO2, δ13CH4, CO2 and CH4 (ambient 

temperature) ‡ 
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 1 plastic bottle (with orange tape) for δ2H isotope 

 2   Vials 20 ml (evacuated) for N2O dissolved gas samples (ambient temperature) 

 1   Vial 20 ml (evacuated) for ambient air samples (ambient temperature). 
‡ In 2017, the field teams retrieved four 12 ml Exetainer® vials (for CO2, CH4, δ13CO2, δ13CH4) per lake. In 

2018 and 2019, the field teams retrieved three 12 ml Exetainer® vials per lake. 

8.8.2 Equipment and Supplies 

Table 8.5 List of consumables, equipment, personal equipment and particular precautions for the 
index site morning – dissolved gases 

# 

 

3 

 

1 

3 

 

3 

1 

Consumables 

 

Labco Exetainer® vials 12 ml preloaded with 

ZnCl2 - yellow tape (δ18O2) 

HDPE 30 ml bottle with orange tape (δ2H) 

‡Labco Exetainer® vials 12 ml evacuated 

(CO2, CH4, δ13CO2, δ13CH4) ‡ 

Vials with septa 20 ml (2 for N2O and 1 for air) 

Ultra-zero air bag (⅓ of bag per lake) 

Post-sampling 

storage 

Cooler with ice 

packs 

Ambient 

Ambient 

 

Ambient 

Mobile 

lab/transport 

Refrigerator (4oC) 

 

Large cooler 

Large cooler 

 

Large cooler 

‡ In 2017, the field teams retrieved four 12 ml Exetainer® vials (for CO2, CH4, δ13CO2, δ13CH4) per lake. In 

2018 and 2019, the field teams retrieved three 12 ml Exetainer® vials per lake. 

# 

1 

4 

2 

5 

2 

2 

1 

1 

1 

Equipment (non-consumables) 

 Small hard cooler 

 ‡Wet syringe (140 ml)‡ 

 Dry syringe (60 ml)  

 Two-way male stopcock 

 Three-way male stopcock  

 Needles (27 gauge)  

 Digital thermometer 

 Alcohol thermometer (as a backup for the digital thermometer) 

 Ipad tablet with field form 

 Several hydrophobic filters 

Treatment 

 

Air dry 

Air dry 

Air dry 

Air dry 

Air dry 

 

Charge 

Air dry 

‡In 2017, 60 ml wet syringes were used. In 2018 and 2019, 140 ml wet syringes were used. 
 

Personal equipment 

 None 

 

Particular precautions 

Beware of motor, smoke, breath or any other anthropogenic gas sources when drawing air 

samples. 

Ensure there are no air bubbles in the Exetainer® vials for δ18O2 and the 30 ml HDPE bottle for 

δ2H. 

Keep the syringes in the small cooler as much as possible to prevent the water from warming. 
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The equipment used for dissolved gases (syringes, stopcocks, filters) should not be 

interchanged with the CH4 bubbling equipment. 

8.8.3 Sampling Procedure 

8.8.3.1 δ18O2 Isotope (3x 12 ml pre-loaded with ZnCl2: A, B, C) 

1. Take out the three Exetainer® vials identified as δ18O2 samples from the sample 

package. These vials have yellow tape on them to differentiate them from the 

otherwise identical evacuated 12 ml Exetainer® vials. The δ18O2 vials have been 

pre-loaded with 120 µl of ZnCl2 solution, a clear liquid visible in the vial. 

2. Do not rinse glass sample vials with white cap and grey septa – they have been 

pre-loaded with 120 µl of ZnCl2 and flushed with He gas to remove traces of O2 

and CO2. 

3. So that no air enters and most of the ZnCl2 stays in the tube, submerge a closed 

vial completely underwater horizontally and, holding it on a diagonal (hold the 

mouth of the vial slightly upwards), slowly open the cap just until it starts to fill 

with water  

4. When the vial is nearly full, keeping it under water, turn it vertical and completely 

remove and invert the cap to remove the final bubbles of He gas. Recap the vial 

tightly underwater and bring it out. 

5. Turn the vial upside down to check for bubbles – if there are any, resubmerge the 

vial vertically, reopen and recap to free the bubbles 

6. Repeat steps 1 to 5 for a total of three δ18O2  vials 

7. Keep the vials in the cooler for transport to lab. 

8.8.3.2 δ2H isotope (1 x 30 ml HDPE bottle with orange tape - ″DH2O_A″) 

1. Take out the 30 ml HDPE bottle from the sample package. 

2. Rinse with 3 x 10ml δ2H bottle and cap. Discard the rinse water. 

3. Fill the δ2H bottle underwater, cap tightly and invert. 

4. Turn the bottle upside down to check for bubbles – if there are any, resubmerge 

the bottle vertically, reopen and recap to free the bubbles. 

5. Keep the bottle at ambient temperature 

8.8.3.3 CO2 and CH4 concentration, δ13CO2 and δ13CH4 isotopes (3 

Exetainer® vials “DGAS1_A”, “DGAS1_B” and “DGAS1_C”)  

IMPORTANT NOTES: 

 DO NOT interchange the equipment for dissolved gases and CH4 bubbling. 

The gas concentrations and isotopic signature are very different and so ensure to 

keep separate kits for dissolved gases and CH4 bubbling. 

 Always keep the WET and DRY syringes in separate Ziploc bags. 
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 Change the syringes half way through the summer, and more often if needed.  

 

 

1. ‡Label vials A, B, C.‡ 

2. After removing the syringe plunger of a ‡‡140 ml wet syringe‡‡, rinse both parts 

of the syringe 3 time using subsurface water. Then fill with water, place the 

syringe plunger back. 

3. Point the wet syringe upwards with the 2-way stopcock open and push out 

excess water and any air bubbles until there is ‡‡‡100 ml of sample water‡‡‡ 

remaining in the syringe, then close the 2-way stopcock. 

4. Attach the wet syringe to a bag of air by attaching the syringe’s 2-way stopcock 

to the side of the bag’s 3-way stopcock, making sure there is a hydrophobic filter 

on the bag to prevent water from entering the bag (Fig 8.4, step 1). 

5. Turn the bag’s 3-way stopcock to OFF=RIGHT, open the bag’s twist valve, open 

the syringe’s 2-way stopcock and pull ‡‡‡‡40 ml of ultra-zero air‡‡‡‡ into the 

syringe, i.e. until piston is at 140 ml (Fig 8.4, step 2) 

6. Close the bag twist valve, turn the bag’s 3-way stopcock to OFF=LEFT, close the 

syringe’s 2-way stopcock. 

7. Detach the wet syringe’s 2-way stopcock from the bag’s 3-way stopcock. 

8. Repeat with two other syringes, keeping each successively processed syringe in 

the cooler. 

9. Hold the wet syringe near the 140 ml mark (to avoid warming the water with your 

hand) and shake the syringe vigorously for 2 min. All syringes can be shaken 

simultaneously. 

10. If conditions on the lake are too rough to use needles safely, halt procedure at 

this point and continue to the next section, keeping all syringes at lake 

temperature, and processing them as soon as possible between this time and 

when reaching the shore. 
‡In 2017, 4 vials for the CO2 and CH4 concentration samples were filled. In 2018 and 2019, 3 vials were 

filled. 

‡‡ In 2017, 60 ml wet syringes were used. In 2018 and 2019, 140 ml wet syringes were used. 

‡‡‡ In 2017, the wet syringe was filled with 30 ml of water. In 2018 and 2019, the wet syringe was filled with 

100 ml of water.  

‡‡‡‡ In 2017, 30 ml of ultra-zero air was pulled in the wet syringe. In 2018 and 2019, 40 ml of ultra-zero air 

was pulled in the wet syringe. 

 

As soon as conditions are adequate for needle handling: 

11. Get a dry syringe with a 3-way stopcock with a hydrophobic filter on the side arm 

of the 3-way stopcock. 

12. Flush the dry syringe and 3-way with 3 x 140 ml ambient air, taken far from your 

breath. 

13. Attach the wet syringe to the hydrophobic filter and connect to the dry syringe 

(Fig 8.4, step 3) 

14. Hold the wet syringe upright and tap it so that there is no water stuck in the 2-

way stopcock. 
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15. Turn the 3-way stopcock to OFF=RIGHT and open the 2-way stopcock. 

16. Hold the wet syringe vertical and push its piston to send the ‡40 ml of gas‡ over 

to the dry syringe. 

17. Close the 2-way stopcock and attach a needle to the front of the 3-way stopcock 

(Fig 8.4, step 4). 

18. Turn the 3-way stopcock to OFF=DOWN, put the piston of the dry syringe 

against your body to push <1 ml of gas through the needle to flush it. 

19. Pierce the needle through the septa of an Exetainer® vial and push all of the gas 

into the Exetainer® so that it is over pressurized (Fig 8.4, step 5). 

20. While maintaining pressure on the piston, pull the Exetainer® off the needle. 

21. Detach the wet syringe from the hydrophobic filter. 

22. Open the 2-way stopcock and pull the piston all the way to the end, close the 2-

way stopcock and point it down. 

23. Ease the piston out of the end of the syringe and insert a thermometer to 

measure the temperature of the water remaining in the wet syringe. Hold the 

syringe by its flanges to avoid warming the water with your hands (Fig 8.4, step 

6). 

24. Write the temperature that corresponds to each replicate in the electronic form. 

25. Repeat steps 11 to 24 with the other three samples, for a total of ‡‡three 

Exetainers® vials.‡‡ 
‡In 2017, we retrieved 30 ml of gas. In 2018 and 2019, we retrieved 40 ml of gas. 

‡‡ In 2017, we retrieved four Exetainer® vials. In 2018 and 2019, we retrieved three samples.  

 
Figure 8.4 Details of gas sample collection in the field via headspace technique. 
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8.8.3.4 N2O (2 x 20 ml: A, B) 

1. Label vials A, B. 

2. After removing the syringe plunger of a 60 ml wet syringe, rinse both parts of the 

syringe 3 times using water from several cm below the surface. Then fill with 

water and place the syringe plunger back. 

3. Point the wet syringe upwards with the 2-way valve open and push out excess 

water and any air bubbles until there is 40 ml of sample water remaining in the 

syringe 

4. Then draw in 20 ml of ambient air (above your head is best, no smoking, no 

motor) until the piston is at 60 ml. 

5. With the difference of filling only a second syringe at step 8 (rather than three 

more). Continue with steps 9 to 10 as in section 8.8.3.3 (CO2 and CH4). If 

conditions are too rough to use needles, proceed to steps 11 to 25 as soon as 

conditions allow it. Otherwise proceed with steps 9 to 25 as in 8.8.3.3, filling the 

20 ml crimp-cap vials instead of the 12ml Exetainer® vials.  

8.8.3.5 Air samples (1 x 20 ml) 

1. Flush a 60 ml dry syringe and 3-way stopcock with 3 times 60 ml ambient air, 

taken far from your breath, then draw in 20 ml of ambient air (above your head is 

best, no smoking, no motor). 

2. Turn the 3-way stopcock to OFF=SIDE and attach a needle to the front of the 3-

way stopcock. 

3. Put the piston of the dry syringe against your body to push <1 ml of gas through 

the needle to flush it. 

4. Pierce the needle through the septum of an Exetainer® 20 ml crimp-vap vial and 

push all of the gas into the vial so that it is over pressurized. 

5. While maintaining pressure on the piston, pull the vial off the needle. 

8.9 Epilimnion water collection 

8.9.1 Summary of method 

Integrated water samples are taken to the depth of the euphotic zone, estimated as 

being twice the depth of the secchi depth, to a maximum of 2 meters. Two carboys are 

successively filled and kept in the dark and with ice packs until further processing. 

8.9.2 Equipment and supplies 

Table 8.6 List of consumables, equipment, personal equipment and particular precautions for the 
index site morning – epilimnion water collection. 

Consumables 

  None 

Post-sampling storage 

Carboys in cooler with ice packs 

Mobile lab/transport 
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# 

1 

2 

1 

Equipment (non-consumables) 

Integrated tube sampler 

Carboys 9 L (A and B), wrapped in dark fabric and kept in cooler  

Cooler with ice packs 

Treatment 

Acid-wash 

Acid-wash 

Air dry 

 

Personal equipment 

 Nitrile gloves 

 

Particular precautions 

Wear nitrile gloves to prevent contamination of samples 

Keep the carboys in the dark to prevent sun exposure (e.g. garbage bag), store in cooler with 

ice packs 

Important: Some analyses are very sensitive, particularly to personal care products 

(sunscreen, insect repellant, deodorant, perfume) and products that contain caffeine (coffee, 

tea, chocolate). If you touched some of those products, please wash your hands thoroughly 

before putting on clean nitrile gloves. Change gloves whenever necessary. Please be extra 

cautious on lakes where samples for Pestpharma analyses are retrieved. 

8.9.3 Sampling procedure 

1. Wear gloves 

2. Rinse the integrated tube sampler by immersing it in the water several times 

while open, on the rinsing side of the boat 

3. Collect water from the depth of the euphotic zone as previously determined 

through use of the secchi depth (2x secchi depth, to a maximum of 2 m; this is 

indicated on the electronic form) 

4. Use a first integrated sample to rinse carboy A, shake carboy and empty on the 

rinsing side of the boat. Make sure to empty the carboy very well before the next 

rinse (increases the dilution factor) 

5. Repeat this twice more (three rinses in total), ensuring to clean bottle and cap 

thoroughly. 

6. Repeat steps 4 and 5 with the carboy B 

7. Take enough samples to fill carboy A 

8. Put Carboy A in cooler with ice and keep in the dark. 

9. Repeat steps 7, 8 and 9 with carboy B. 
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8.10 Zooplankton net hauls  

8.10.1 Summary of Method 

Collect one vertical sample using a fine mesh (100 μm) Wisconsin net (Fig 8.5) with 

collection bucket attached at the cod end. The net is slowly lowered over the side of the 

boat into the water and lowered to 1 m above the lake sediments. The net is retrieved 

back to the surface at a slow, steady rate. Lift the net out of the water; rinse it from the 

outside to free organisms from the side of the net and to concentrate them in the 

collection bucket. Transfer the sample from the collection bucket to a 125 ml sample 

container. Narcotize the organisms with an effervescent sodium bicarbonate tablet (e.g., 

Alka-Seltzer® tablet) for about 1 minute and then add enough 95% ethanol to preserve 

each sample at about a 75% final ethanol concentration.  

Figure 8.5 Zooplankton net, showing the net and removable collection bucket. 

8.10.2 Equipment and supplies 

Table 8.7 List of consumables, equipment, personal equipment and particular precautions for the 
index site morning – zooplankton net hauls. 

# 

1 

1-2 

Consumables 

Specimen container 120 ml 

Alka-seltzer tablet 

Post-sampling storage 

Ambient (with ethanol) 

Mobile lab/transport 

Large white cooler  

 

# 

1 

1 

1 

1 

1 

1 

1 

1 

Equipment (non-consumables) 

Zooplankton net 100 μm 

Collection bucket 100 μm 

Rope (25m, marked 0.5 m) 

Bottle lake water 

Small pail (4 L container) 

Bottle with 95% ethanol* 

Squirt bottle for lake water  

Piece of Nitex filter on cylinder for lake water 

Treatment 

Vinegar wash 

Vinegar wash 

Dry 

Acid wash 

DI rinse 

Refill 

Acid wash 

Vinegar wash 
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1 

1 

1 

Funnel - small 

Extra specimen container 120 ml  

Electric tape 

 

Refill 

 

*If you run out of ethanol, you may use rubbing alcohol (propanol) from the drugstore. 

 

Personal equipment 

 None 

 

Particular precautions 

 None 

8.10.3 Sampling Procedure 

1. Prepare the filtered lake water squirt bottle: cover a wash bottle’s larger opening 

with Nitex and backfill the wash bottle by squeezing lake water in. This can be 

done over the side of the boat. 

2. Determine the number of tows, based on the total depth at index site, using table 

8.8. 

 

Table 8.8 Number of zooplankton net tows to perform based on lake depth at index site. 

Depth at index site Number of tows required 

> 25 m 1 tow (from 25 m to the surface) 

7 - 25 m 1 tow (from total depth - 1 m to the surface) 

4 - 6 m 2 tows (from total depth - 1 m to the surface) 

2 - 3 m 5 tows (from total depth - 1 m to the surface) 

< 2 10 tows (from total depth - 1 m to the surface) 

 

The zooplankton collection methods vary slightly depending on the number of tows 

required to achieve a standard cumulative 5 m tow. 

1. If the number of tows = 1: follow steps 2 through 13 described below. 

2. If the number of tows ≥ 2, follow steps 2 through 12 described below. 

After step 12, pour the contents of the collection bucket into a clean (i.e., 

DI rinsed) 2 L pail. Rinse the collection bucket with DI. While taking care 

not to tip the zooplankton sample in the pail, repeat steps 2 through 12 for 

the second tow. Add the contents of the collection bucket from the second 

tow to the pail. Continue to take zooplankton tows and add samples from 

the collection bucket into the pail until the target number of tows (2, 5, or 

10) is reached. On the last tow, pour the contents of the pail into the 
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collection bucket to filter the excess water. Rinse the bucket with DI water 

and pour the contents of this rinse into the collection bucket with the 

zooplankton sample. Once the zooplankton sample has been filtered 

down to an appropriate volume in the collection bucket, continue on to 

step 13.  

2. Prior to each use, carefully clean and thoroughly rinse the interior of the plankton 

nets and buckets with DI water. 

3. Carefully inspect the nets and buckets for holes or tears. 

4. Attach the collection bucket to the “cod” end of the nets and secure. Always 

manipulate the buckets in the boat to avoid losing them over the side of the boat. 

5. Attach the bridled end of the plankton net to rope with markings every 0.5 m 

6. Carefully and slowly lower the net in a constant upright position over the side of 

the boat. 

7. Continue lowering the net to a depth corresponding to 1 m from the lake bottom 

(remember to account for the length of the bridle). If more than one tow is 

needed, be sure to take additional tows from different locations around the boat. 

8. Retrieve the net by pulling back to the surface at a steady rate (0.3 m/s or 1 ft/s) 

without stopping. 

9. Once at the surface, slowly dip the net up and down in the water without 

submersing the net mouth to rinse contents into the collection bucket. 

10. Complete the rinsing of the net contents by spraying filtered lake water against 

the outside of the net with the squirt bottle. 

11. Once all organisms have been rinsed into the collection bucket, hold the 

collection bucket in a vertical position, and carefully remove the bucket from the 

net. 

8.10.4 Sample Processing 

1. Set the collection bucket in a 2 L pail containing a small amount of lake water to 

which 1-2 CO2 (e.g., Alka-Seltzer) tablets have been added outside of the 

collection bucket. Ensure that the organisms in the collection bucket are 

submerged in the water (water is over the collection cup screens), but be careful 

not to submerge the top of the collection bucket, or sample loss will occur. The 

CO2 narcotizes the zooplankton to relax their external structure prior to 

preservation in ethanol. This facilitates taxonomic identification and egg counts. 

Wait until zooplankton movement has stopped (usually about one minute). 

Raising and lowering the collection buckets in the pail can help water exchange 

within the bucket. 

2. Use small volumes of filtered lake water from the squirt bottle to rinse the 

contents of the mesh net collection bucket into the 120 ml specimen container. 

Rinse the collection bucket with the filtered lake water three to four times or until 

the majority of zooplankton have been removed without allowing the bottle to fill 

more than ‡~40 ml‡ (sample and rinse water combined). After the zooplankton 
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have been transferred to the specimen container, add 95% ethanol to about 

120 ml.  

3. In some cases, the volume of zooplankton collected in the collection bucket may 

exceed 40 ml. Under this scenario do not try to force the entire sample into a 

single bottle, or the preservative will not function properly and the sample may be 

lost. In such cases, fill the first bottle to 40 ml, and then use a second bottle to 

preserve the additional amount of sample. Use an “extra jar” label (i.e., one with 

no sample ID pre-printed on it) for identification purposes. Complete the label, 

and print in the sample number assigned to the first container on the label of the 

second container. On the electronic form, record a “2” in the “No. Jars” field. 

4. On the electronic form, fill in the bubble to indicate that the sample is preserved. 

5. Verify that all information on the labels and the form is complete and correctly 

recorded. 
‡In 2017, the containers were filled to ~60-70 ml of sample and rinse water combined, which yielded a final 

concentration of ~45% of ethanol. In 2018 and 2019, the containers were filled to 40 ml of sample and rinse 

water combined, which yielded a final concentration of ~60% of ethanol. 

8.11 Phytoplankton net sample 

8.11.1 Summary of method 

Collect one vertical sample using a fine mesh (100 μm) Wisconsin net with collection 

bucket attached at the cod end. The net is slowly lowered over the side of the boat into 

the water and lowered to the lower limit of the metalimnion. The net is retrieved back to 

the surface at a slow, steady rate. Lift the net out of the water; rinse it from the outside to 

free organisms from the side of the net and to concentrate them in the collection bucket. 

Transfer the sample from the collection bucket to a 125 ml boston clear round glass 

bottle and preserve with Lugol’s solution. 

8.11.2 Equipment and supplies 

Table 8.9 List of consumables, equipment, personal equipment and particular precautions for the 
index site morning – phytoplankton net hauls. 

Consumables 

 1 Fisherbrand clear boston round 

bottle 120 ml 

Post-sampling storage 

Ambient, dark (with Lugol’s 

solution) 

Mobile lab/transport 

Large white cooler with 

icepaks* 

 

# 

1 

1 

1 

1 

1 

1 

Equipment (non-consumables) 

 Zooplankton net 100 μm 

 Collection bucket 100 μm 

 Rope (25m, marked 0.5 m) 

 Small pail (4 L container) 

 Squirt bottle for filtered lake water  

 Piece of Nitex filter on cylinder for lake water 

Treatment 

Vinegar wash 

Vinegar wash 

Dry 

Acid wash 

Refill 

Vinegar wash 
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1  Funnel - small Vinegar wash 

 

Personal equipment 

 None 

 

Particular precautions 

 None 

* If the temperature gets very hot in the trailer, put some ice packs in the large white cooler to 

keep a temperature of ~20oC. 

8.11.3 Sampling Procedure 

8.11.3.1 Sample Collection 

1. Determine the lower limit of the metalimnion by using the profile generated by the 

RBR sonde in section 8.6 

2. Follow steps 1 to 11 in section 8.10.3 (Zooplankton net hauls). The only 

difference is that instead of lowering the net to total depth - 1 m, the net should 

now be lowered to the lower limit of the metalimnion. 

8.11.3.2 Sample Processing 

1. Use small volumes of filtered lake water from the squirt bottle to rinse the 

contents of the mesh net collection bucket into the small pail. Rinse the collection 

bucket with the filtered lake water three to four times or until the majority of the 

material inside the net has been removed. 

2. Transfer the content of the small pail into the Fisherbrand clear boston round 

bottle 120 ml. Use a funnel if necessary. 

3. Fill the boston bottle to the neck and add ~10 drops of Lugol’s solution, shake 

gently. The solution should have a tea color. 

4. Keep the sample at ambient temperature, in the dark. 

8.12 Hypolimnion water sampling 

8.12.1 Summary of method 

Hypolimnion sampling consists of using a VanDorn water sampler to collect water from 

one meter above the bottom of the lake as measured by the depth finder, or at 70 m 

whichever is shallower. Hypolimnion samples are only taken if the lake is stratified, as 

determined with the RBR multiparameter sonde. 
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8.12.2  Equipment and supplies 

Table 8.10 List of consumables, equipment, personal equipment and particular precautions for 
the index site morning – hypolimnion water sampling. 

Consumables 

1 Nalgene amber 

HDPE 1 L bottle 

None (in half lakes) 

Post-sampling storage 

Carboy in cooler with ice packs 

Mobile lab/transport 

Freezer (-20oC) 

See section 11.1.5 

"laboratory processing - 

hypolimnion" 

 

# 

1 

1 

1 

Equipment (non-consumables) 

 VanDorn bottle attached on a 70 m rope (marked at 1 m intervals) 

 Carboy 4 L wrapped in a dark material 

 Cooler with ice packs 

 

Treatment 

Vinegar 

wash 

Acid wash 

 

Personal equipment 

 Nitrile gloves 

 

Particular precautions 

Wear nitrile gloves to prevent contamination of samples. 

Keep the carboys wrapped in dark material to prevent sunlight exposure (e.g. garbage bag) 

Important: Some analyses are very sensitive particularly to personal care products 

(sunscreen, bug repellent, deodorant, perfume) and products that contain caffeine (coffee, tea, 

chocolate). If you touched some of those products, please wash your hands thoroughly before 

putting on clean nitrile gloves. Change gloves whenever necessary. Please be extra cautious 

on lakes where samples for pesticides analysis are retrieved. 

 

8.12.3 Sampling Procedure 

1. Wear gloves. 

2. Take a sample from 1-2 m above the maximum depth as measured by the depth 

finder. 

3. If the sample contains sediments, suggesting the bottom sediments were 

disturbed, discard and resample a bit further from the previous sample, at 0.5 m 

shallower. 

4. Triple rinse the hypolimnion carboy and cap (this can be done with fractions of 1 

Van Dorn content) with water collected in the hypolimnion before filling it. Store 

the carboy in cooler with ice packs until further processing in the lab. 

9. For lakes where Pestpharma is collected:  
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a. Put on surgical gloves (non-powdered). Do not handle any food, drink (no 

coffee or tea that morning), sunscreen, or insect repellant until after the 

water sample has been collected. 

b. Repeat steps 2-4 above, rinsing the Pestpharma bottle instead of the 

carboy. 

c. Fill to the top the Pestpharma bottle with water from the Van Dorn water 

sampler. Pour off about 150 ml of excess water into the measuring 

container provided. 

d. Tightly replace the cap, being careful to not touch the inside of the bottle, 

the inside of the cap or the threads of the bottle. 

e. Immediately after the sample is collected, place in a cooler with an ice 

pack. Store in the -20oC freezer when onshore. 

9 Morning littoral site 
The littoral sampling should be done by the subteam who sets up the lab in the morning. 

However, if the littoral site is far from the mobile lab and truck, the subteam doing the 

morning index site sampling may proceed with the bacteria (coliforms) sampling as well. 

9.1 Bacteria (coliforms) sampling 

9.1.1 Summary of method 

One littoral bacteria (coliforms) samples is collected in the same fashion as at the index 

site, collecting a grab sample from 0.3 m below the water surface using the sterile 

‡50 ml conical tube‡. Samples should be taken about 1.5 meters away from the shore. 

Those samples are collected at the index and littoral sites for all lakes during the 

sampling campaigns 2018 and 2019. 
‡In 2017, two bacteria samples were collected (one at the index plus one at the littoral site) in a 250 ml 

sterile bottle, in a total of 50 lakes for the whole sampling survey. In 2018 and 2019, two bacteria samples 

were collected (one at the index site plus one at the littoral site) in a 50 ml conical tube in every lake. 

Additionally, the inoculation of the bacteria water samples was performed at Memorial University in 2017, 

while the inoculation was performed by the field teams, right after sampling, in 2018 and 2019. 

9.1.2 Equipment and supplies 

Table 9.1 List of consumables, equipment, personal equipment and particular precautions for the 
morning littoral site - bacteria. 

 

# 

2 

Consumables 

Centrifuge tube 50 ml 

Post-sampling storage 

Cooler with ice packs 

Mobile lab/transport 

Incubator (37oC) 

 

Equipment (non-consumables) 

None 

Treatment 
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Personal equipment 

 Nitrile gloves 

 

Particular precautions 

Wear nitrile gloves to prevent contamination of samples. 

Do not handle any food, drink, sunscreen, or insect repellant until after the water sample 

has  been collected, or implement measures to reduce contamination by such chemicals, if 

applied, such as washing, wearing long gloves, etc. 

9.1.3 Sampling Procedure 

Collect a grab sample from 0.3 m below the water surface using the sterile bacteria 

(coliforms) bottle. 

 

1. Put on surgical gloves (non-powdered). Do not handle any food, drink, 

sunscreen, or insect repellant until after the water sample has been collected, or 

implement measures to reduce contamination by such chemicals, if applied, such 

as washing, wearing long gloves, etc. 

2. Wade into the littoral far enough that a sample can be taken at 30 cm depth, at 

least 1.5 m away from the shoreline. 

3. Try to limit the amount of sediments disturbed. 

4. Remove the cap from the bottle. 

5. Do not rinse the tube and avoid touching the inside of the tube or the inside of 

the cap. 

6. Carefully invert the tube. Dip the sample container to a depth of 0.3 m avoiding 

surface scum and other obvious debris. At that depth, push the mouth of the 

sample container away from you. Then lift the tube from the water. 

7. Pour off excess water until the water is at ~45ml. 

8. Tightly replace the cap, being careful to not touch the inside of the tube or the 

threads. 

9. Immediately after the sample is collected, place in a cooler with an ice pack to 

minimize exposure to light and begin chilling the sample, store in the refrigerator 

when possible. 

10. Tightly replace the cap, being careful to not touch the inside of the tube or the 

threads. 

11. Immediately after the sample is collected, place in a cooler with an ice pack to 

minimize exposure to light and begin chilling the sample, store in the refrigerator 

when possible. 

9.2 Bacterial sediments 

9.2.1 Summary of the methods 
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One sediment sample is collected using a clean plastic spoon to fill a Whirlpak bag 

approximately half full in approximately half of the lakes during the sampling campaigns 

‡2018 and 2019‡ .The littoral electronic form indicates whether or not to take a bacterial 

sample in each specific lake. 
‡Bacterial sediments were not collected in the 2017 field survey. 

9.2.2 Equipment and supplies 

Table 9.2 List of consumables, equipment, personal equipment and particular precautions for the 
morning littoral site – bacterial sediments. 

# 

1 

Consumables 

Whirlpak bag 

Post-sampling storage 

Cooler with ice packs 

Mobile lab/transport 

Refrigerator (4oC) 

 

Equipment (non-consumables) 

1 clean plastic spoon (change every 2 weeks)  
1 cooler with ice packs (if littoral site is far from mobile lab) 

Treatment 

Acid-wash 

 

Personal equipment 

 Nitrile gloves 

 

Particular precautions 

Wear nitrile gloves to prevent contamination of samples. 
Do not handle any food, drink, sunscreen, or insect repellant until after the water sample has 
been collected, or implement measures to reduce contamination by such chemicals, if applied. 
Avoid disturbing the sediments. 

9.2.3 Sampling procedure 

1. Label the Whirlpak as following: ‘’LakeID BACLS-W’’ with a permanent marker. 

2. Put on surgical gloves (non-powdered). Do not handle any food, drink, 

sunscreen, or insect repellant until after the water sample has been collected, or 

implement measures to reduce contamination by such chemicals, if applied, such 

as washing, wearing long gloves, etc. 

3. Wade into the littoral far enough that a sample can be taken at 30 cm depth. 

4. With the clean plastic spoon, scoop sediment and place in the Whirlpak bag until 

it is approximately half full. The plastic spoon should be acid-washed every day, 

and changed for a new one every two weeks. 

5. Pour off excess water from the bag; ensure that the sediment is fully submerged 

in water, if it is not, add lake water. 

6. Immediately after the sample is collected, place in a cooler with ice packs to 

minimize exposure to light and begin chilling the sample. 

7. Store in the refrigerator. 

8. In the electronic form, describe the sediment size according to table 9.3 
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Table 9.3 Classification of particle sizes in the littoral sediments 

Classification Particle size (diameter) 

Boulder > 256 mm 

Cobble 64 - 256 mm 

Pebble 4 - 64 mm 

Gravel 2 - 4 mm 

Coarse sand 0.5 - 2 mm 

Medium sand 0.25 - 0.5 mm 

Fine sand 0.062 - 0.25 mm 

Clay/Silt < 0.0062 mm 

9.3 Virus Swabs (Influenza) 

9.3.1 Summary of method 

Two virus swabs are taken by rubbing a sterile swab on a 10 cm x 10 cm area of the 

sediments in the littoral zone (in the water). If many Anatidae (ducks, geese, swans) or 

other aquatic birds such as Laridae (gulls) are present, 4 to 6 additional swabs are taken 

(these additional swabs can be taken later in the day, for example if birds are not 

present in the morning but are in the afternoon). 

9.3.2 Equipment and supplies 

Table 9.4 List of consumables, equipment, personal equipment and particular precautions for the 
morning littoral site – virus swabs (Influenza). 

 

# 

2-6 

Consumables 

Sterile swab kits  

Post-sampling storage 

Cooler with ice packs (if 

littoral site is far from 

mobile lab) 

Mobile lab/transport 

Freezer (-80ºC) 

 

Equipment (non-consumables) 
 1 cooler with ice packs (if littoral site is far from mobile lab) 

Treatment 
 

 

Personal equipment 
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 Nitrile gloves 

 

Particular precautions 

Wear nitrile gloves to prevent contamination of samples. 
Do not handle any food, drink, sunscreen, or insect repellant until after the water sample has 
been collected, or implement measures to reduce contamination by such chemicals, if applied. 
Avoid disturbing the sediments. 

9.3.3 Sampling procedure 

1. Put on new pair of surgical gloves (non-powdered). Do not handle any food, 

drink, sunscreen, or insect repellant until after the water sample has been 

collected, or implement measures to reduce contamination by such chemicals, if 

applied, such as washing, wearing long gloves, etc. 

2. Open sterile swab package from the end opposite to the swab tip and remove a 

swab stick from its sterile envelope. Do not touch the swab shaft below the score 

mark, if you do, use a new swab. 

3. Thoroughly swab a 10 cm x 10 cm area of the sediments of the littoral zone 

immediately adjacent to the shoreline (in the water). 

4. Immediately after swabbing, place in VTM tube. Holding the VTM tube in the free 

hand, open the screw cap with the pinky finger of the hand holding the swab. 

5. Place the swab around ¾ of the way into the VTM tube and crack off the swab 

shaft. 

6. Tightly replace the cap on the VTM tube. 

7. Discard the rest of the swab shaft and packaging in the garbage. 

8. Repeat with second swab a couple meters away from where the first was taken. 

9. If more than ~10 aquatic birds were sighted on the lake, take 2 additional 

samples (for a total of 4), again at a certain distance one from another. If 

hundreds of birds are present, take 2 additional samples (for a total of 6; see 

table 9.5). 

10. Label the tubes down the length of the tube and tightly wrap a layer of clear 

packing tape around the label and tube, do not tape the cap. 

11. Tighten cap securely. Put all tubes from a same lake in a small labelled (lake ID) 

Ziploc and store immediately in the -80oC freezer. 

Table 9.5 Number of virus swabs to retrieve according to the number of aquatic birds. 

# aquatic birds present # of virus swabs to retrieve 

0 – 10 2 

10 – 100 4 

<100 6 

9.4 CH4 bubbling 

9.4.1 Summary of method 
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Field crews collect bubble samples by disturbing the epilimnetic sediments for methane 
(CH4) and carbon dioxide (CO2) concentrations and isotopic values. The results is used to 
estimate the source isotopic values for the isotopic mass-balance calculations. To 
optimize your time, it is probably best to have the optics and coring team do this operation 
before or after the core extrusion. 
 
Certain lakes are easier than others to find methane bubbles. In order to keep a certain 
uniformity in the sampling effort, please limit yourself to 15 min to search for methane 
bubbles. If you do not find a sufficient amount of methane bubbles after 15 minutes of 
effort, do not perform the CH4 bubbles sampling and indicate in the electronic form that no 
bubbles were found. Also indicate the type of sediments, which helps explaining the 
reason why there are no methane bubbles. 
 
Important note: Change the syringes half way through the summer, and more often if 

needed.  

9.4.2 Equipment and supplies 

Table 9.6 List of consumables, equipment, personal equipment and particular precautions for the 
morning littoral site – CH4 bubbling. 

# 

4 

Consumables 

Labco Exetainer® vial 12 ml 
evacuated  

Post-sampling storage 

Ambient 

Mobile lab/transport 

Ambient* 

*If the temperature in storage area becomes particularly hot, store the vials in a cooler with an ice pack. 

 

# 

1 

2 

 

2 

1 

2 

 

Equipment (non-consumables) 

Plastic funnel 30 cm 

Syringes 60 ml with 2-way stopcocks (WET syringe) for sample 

collection 

Syringes 60 ml with 2-way stopcocks (DRY syringe) for gas transfer 

3-way stopcock 

Needles 

Several extra hydrophobic syringe filters (change occasionally) 

Treatment 

Dry overnight 

Dry overnight 

Dry overnight 

Dry overnight 

Dry overnight 

Dry overnight 

 

 

Personal equipment 

 None 

 

Particular precautions 

Always make sure to flush the syringes at least 3 times before use. 

DO NOT USE bubble sampling syringes/needles/filters for other sampling. The equipment 

used for CH4 bubbling should not be interchanged with the dissolved gases equipment. 

Always keep the dry and wet syringes in separate ziploc bags. 

9.4.3 Sampling procedure 
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9.4.3.1 Site selection 

Choose an area that is representative of the lake littoral for bubble sample collection. 

From this area, select two depths that are at least two meters apart – one close to the 

shore that is shallower than 1 m and one away from the shore at around 2 m deep. 

9.4.3.2 Sampling procedure 

1. At the shallower site, measure the exact depth with an oar and measuring tape 

and record in the Littoral Sampling Site electronic form the approximate distance 

from shore. 

2. Record a description of the littoral using words such as sandy (inorganic), muddy 

(organic), rocky and with or without macrophytes (submerged or emergent) 

3. Remove the piston from the barrel of a 60 ml WET syringe and attach a 2-way 

stopcock to the syringe tip. 

4. Open the 2-way stopcock and submerge the syringe, tip end facing up, until the 

barrel fills with surface water and no air remains in the barrel, then close the 

stopcock. 

5. Submerge the 30 cm funnel, stem end facing up, then fit the funnel stem into the 

syringe barrel. 

6. Make sure that no air bubbles are introduced into the syringe barrel during this 

process. 

7. Disturb the sediments directly under the funnel using an anchor on rope or a boat 

oar. Ideally, one person disturbs the sediment, while another holds the bubble 

trap, but it may be possible to hold the funnel and syringe together with one hand 

and disturb the sediments with the other. 

8. Make sure that the funnel and syringe are completely immersed in the water and 

not tilted while disturbing the sediments. 

9. After the syringe is completely filled with bubble gas (~60 ml), stop stirring the 

sediments. 

10. Keeping the syringe barrel submerged and the syringe tip end facing up, remove 

the funnel stem from the syringe barrel and set the funnel aside. 

11. Submerge the syringe piston and insert it into the syringe barrel WHILE STILL 

UNDERWATER and make sure the syringe is tightly closed, then remove the 

syringe from the water. 

12. Attach the 2-way stopcock of the WET syringe to a hydrophobic filter, then to a 3-

way stopcock with a  DRY syringe on one side and a needle on the other 

13. Turn the 3-way stopcock to open a passage from the WET to DRY syringe 

(needle side closed) and push the piston of the WET syringe to transfer 30 ml of 

gas from the WET syringe to the DRY syringe (the piston of the DRY syringe 

slides outwards on its own). 

14. Turn the 3-way stopcock  to close the WET syringe (the other 2 directions are 

open). 

15. Insert the needle through the septum of Exetainer® vial A. 

16. Depress the DRY syringe plunger until the 30 ml of gas is injected into vial A. 
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17. While maintaining pressure on the piston, pull vial A off the end of the needle. 

18. Repeat steps 13 to 17 to inject 30 ml of gas into vial B. 

19. Repeat the above procedure for the deeper site (vials C and D). 

10 Post morning sampling 

10.1 Water samples 

Make sure all labels are holding well, add electrical tape to keep labels in place only if 

needed. Store the samples according to table 10.1. Keep the epilimnion and hypolimnion 

water carboys inside their cooler and store in the shade. 

 

Table 10.1 Storage temperatures of samples collected during the Index site morning and Littoral 
sampling. 

Sample # Container Storage 

In
d
e

x
 s

it
e
 

Bacteria (index site) 1 Centrifuge tube 50 ml Refrigerator (4°C) 

Dissolved gases - δ18O2  3 
Labco Exetainer® vial 12 ml 

with ZnCl2 (yellow tape) 
Refrigerator (4°C) 

Dissolved gases - δ2H 1 
HDPE 30 ml bottle with 

orange tape 
Large cooler 

Dissolved gases - CO2 and CH4 ‡3‡ 
Labco Exetainer® vial 12 

ml  
Large cooler 

Dissolved gases - N2O and air 3 Vials with septa 20 ml Large cooler 

Pestpharma - epilimnion 1 
Nalgene amber HDPE 1 L 

bottle 
Freezer (-20°C) 

Pestpharma - hypolimnion 1 
Nalgene amber HDPE 1 L 

bottle 
Freezer (-20°C) 

Zooplankton 1 
specimen container 120 ml 

+ ethanol 95% 
Large cooler 

Phytoplankton (epilimnion) 1 

Fisherbrand clear boston 

round bottle 120 ml + 

Lugol’s 

Large cooler 

Phytoplankton (net sample) 2 

Fisherbrand clear boston 

round bottle 120 ml + 

Lugol’s 

Large cooler 

L
it
to

ra
l 
s
it
e
 

Bacteria 1 Centrifuge tube 50 ml Refrigerator (4°C) 

Bacterial sediments 1 Whirlpack Refrigerator (4°C) 

Virus swab 
2 or 

more 
Sterile swab kits Freezer (-80°C) 

CH4 bubbling 4 Labco Exetainer® vial 12 ml Large cooler 

‡In 2017, 4 Exetainer® vials were collected. In 2018 and 2019, 3 Exetainers® were collected. 
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10.2 Bacteria inoculation and incubation 

10.2.1 Summary of the methods 

For bacterial water samples collected (in the 50 ml tubes) at both the index and littoral 

sites, bacteria are cultured using 3M Petrifilms. Inoculation is performed in duplicate in 

the mobile lab on a clean level surface and requires special attention of aseptic 

techniques to ensure minimal contamination. After inoculation, the Petrifilms are placed 

in the 37°C incubator and need to be checked within 24 ± 2 hours, when a good quality 

photo is taken using the iPad and sent to the database. 

10.2.2 Equipment and supplies 

Table 10.2 List of consumables, equipment, personal equipment and particular precautions for 
the morning bacteria inoculation and incubation. 

# 
4 
2 

 

Consumables  
Sterile petrifilms 
Sterile 1 ml pipette 

Post-sampling storage 
Incubator 

Mobile lab/transport 
Incubator 

 

# 
1 

Equipment (non-consumables) 
Pipette aid 

Treatment 

 

Personal equipment 
Nitrile gloves 

 

Particular precautions 
Wear nitrile gloves to prevent contamination of samples. 
Do not handle any food, drink, sunscreen, or insect repellant until after the water sample has 
been collected, or implement measures to reduce contamination by such chemicals, if applied.  

 

10.3 Procedure for bacteria inoculation  

1. Put on a new pair of surgical gloves (non-powdered). Do not handle any food, 

drink, sunscreen, or insect repellant until after the water sample has been 

collected, or implement measures to reduce contamination by such chemicals, if 

applied, such as washing, wearing long gloves, etc. 

2. Obtain two Petrifilms for each sample to be incubated (i.e. process in duplicate), 

and tightly re-seal the foil bag and store the unused Petrifilms at 4˚C. 

3. With a permanent marker, label the top opaque portion of the film with the  lake 

ID and “PETRI_A” or “PETRI_B” and  date (Fig 10.1). 
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4. Shake the sample vigorously for ~15 seconds. 

5. Remove the lid being careful to not touch the inside of the tube, cap, or the 

threads, and place upside down on a clean level surface. 

6. With a sterile 1 ml pipette, collect 1 ml of the water sample. Do not touch the 

portion of the pipette that goes into the sample bottle, if you do, throw it out and 

get a new one. 

7. With your free hand, carefully raise the film of the Petrifilm and dispense the 1 ml 

of sample on the middle of the red dehydrated medium. Dispense the water with 

the pipette just above the red medium without touching it. 

8. Carefully and slowly lower the film over the water and dehydrated medium, which 

spreads out and cover the entire red surface, do this slowly to avoid air bubbles 

(Fig 10.1). Step 6 to 8 should take a maximum of 10-15 seconds. 

9. If there are any air bubbles, draw a large ‘’X’’ over the film and place the Petrifilm 

in a Ziploc bag, write down: ‘’to autoclave’’ on the Ziploc bag with a permanent 

marker and freeze at -20˚C. Send to Université de Sherbrooke on the next 

shipping day and inoculate a second Petrifilm. 

10. Leave the inoculated film on the level surface for around 5 minutes before 

moving. 

11. Repeat steps 6-8 with the second Petrifilm, you can use the same pipette if not 

contaminated (hasn’t been in contact anywhere other than the water in the 

bottle). 

12. Once completed, tightly replace the cap, being careful not to touch the inside of 

the bottle or the threads. Seal the cap with electrical tape in the same direction 

as the thread (clockwise) and store in the refrigerator. 

13. Once all Petrifilms (2 per sample) are inoculated and allowed to set, write the 

time at which they were placed in the incubator at the bottom of the top opaque 

portion. (Fig 10.2) 

 

 

Figure 10.1 Swabbing movement on the sediment surface in the littoral zone. 
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Figure 10.2 Example of good photo of a Petrifilm (label and lighting). 

 

10.4 Procedure for bacteria incubation 

1. Check the outside temperature display and ensure that the incubator is plugged 

in and reading approximately 37°C. 

2. Undo the latches holding the cover closed and remove the packing insulation 

around the outer chamber and remove the outer chamber lid. 

3. Remove the lid of the inner chamber and stack the Petrifilms inside with the clear 

portion facing up. 

4. Tightly replace the inside lid and outside lid, ensuring that none of the wires are 

pinched. 

5. Replace the packing material, and close and fasten the cover. 

6. Incubate the Petrifilms for 24 ± 2 hours. 

7. After the incubation time has passed, remove the Petrifilms from the incubator. 

8. Write the time and date they were taken out of the incubator on the bottom of the 

film (even if your time is a little off from what is ideal, right down the real time at 

which you took the photo; Fig 10.1). 

9. Take a close-up good quality photo from the iPad within the electronic form of 

the Petrifilm from a backlit source (like laying against the truck window so that 

light comes through), you should be able to see the label, and the yellow grid 

behind the red growth medium, bacterial colonies, and any bubbles formed, 

these should be clearly visible. 

10. Upload the photo in the electronic form. 

11. After the photo has been taken, place the Petrifilms in a Ziploc bag and store in 

the refrigerator (4°C), with the clear side facing up. 

12. Ship the incubated Petrifilms along with the water sampling and sediment 

bacterial bottles (and any waste to be autoclaved) to Memorial University at the 

next available shipment. 
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11 Laboratory processing of index site morning samples 
Processing of the epilimnion and hypolimnion water collected is done inside the mobile 

laboratory, set up by the subteam B in the morning. The mobile laboratory consists of a 

10 feet x 10 feet pop-up tent with four side-walls to prevent sunlight exposure, a table, a 

green light, filtration equipment, DI water, and all necessary equipment, consumables 

and personal protection equipment.  

 

Notes: 

1. Gently mix carboys every time before removing a fraction of the water as larger 

particles can settle/float to the surface 

2. Wear gloves throughout. Change gloves whenever doubting their cleanliness.  

3. Keep carboys in the cooler (chilled/in the dark) whenever possible. 

11.1 Water samples 

11.1.1 Summary of method 

Lake water is either used directly, or filtered through a syringe filter, to fill specific water 

bottles and vials. Blanks are performed in ~1 lake out of 6. Table 11.1 summarizes all 

the samples from the epilimnion, the hypolimnion, as well as blanks taken. Additives and 

appropriate storage conditions are also indicated. The person processing the water 

samples in this whole (11.1) section is P1 (person 1). 

11.1.2 Equipment and supplies 

Table 11.1 Summary of water samples from morning sampling, additives and storage, and 
consumables, equipment, personal equipment and particular precautions for the laboratory 
processing of morning samples. 

Samples and consumables Additive Storage 

Epi Hypo Blk 

U
n
fi
lt
e
re

d
 

Phytoplankton (PHYT) 

  

1     Lugol’s Ambient 

2     Cyanotoxins (CTOX) none Freezer (-20oC) 

2 2 1 Total Phosphorus (TP) ‡none‡ Refrigerator (4oC) 

2 2 1 Total Nitrogen (TN) H2SO4 Refrigerator (4oC) 

1     Picoplankton 1 (PICO1) P&G Freezer (-80oC) 

1     Picoplankton 2 (PICO2) P&G Freezer (-80oC) 

2 2 1 

F
ilt

e
re

d
 Soluble Reactive Phosphorus (SRP)   Freezer (-20oC) 

2 2 1 Nitrogen oxides (NOX)   Freezer (-20oC) 

2 2 1 Nitrogen hydroxides (NHX)   Freezer (-20oC) 
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2     Cations (CATI) HNO3 Refrigerator (4oC) 

2     Anions (ANIO)   Freezer (-20oC) 

2   1 Dissolved Organic Carbon (DOC)   Refrigerator (4oC) 

1 
    Carbon Dissolved Organic Matter 

(CDOM_EEM) 
  Refrigerator (4oC) 

1     FT-ICR-MS (FTIC)   Freezer (-20oC) 

~10 (several to many) Syringe filter 0.45 µm (several to many)   Ambient 

1 pH paper Ambient 

1 HNO3 tube Ambient 

1 H2SO4 tube Ambient 

1 
Paraformaldehyde + Glutaraldehyde 

(P&G) solution 

Refrigerator (4oC)/ 

Freezer (-80oC) 

 

# 

1 

2 

1 

2 

 

3 

3 

1 

Equipment (non-consumables) 

 Pipette (P200) 

 Pipette tips 

 pH paper 

 Disposable transfer pipette 

 

3 Wet syringes (2 for epilimnion: "A" and "B", 1 for hypolimnion: "C")) 

3 Plastic beaker (2 for epilimnion : "A" and "B", 1 for hypolimnion: "C") 

Squirt bottle (DI water) 

Treatment 

Keep in a 

closed 

container 

 

 

Acid-wash 

Acid-wash 

Refill 

 

Personal equipment 

 Nitrile gloves 

 1 Pair of acid-proof gloves 

 1 Lab coat 

 1 Pair of safety goggles 

 

Particular precautions 

Wear nitrile gloves to prevent contamination of samples, change gloves regularly. 

Always rinse the syringes and beakers 4 times before using. 

When putting acid and P&G solution in the appropriate vials, wear acid-proof gloves, safety 

goggles and lab coat. Avoid breathing those chemicals.  

‡ In 2017, H2SO4 was added to the TP samples. In 2018 and 2019, acid was not added to the TP samples.  

 

11.1.3 Blanks  

Blanks are typically done in one lake out of 6. The detailed itinerary indicates lakes 

where blanks are done. Those blanks are filled directly with deionized water and do not 

require filtration. Refer to section 7.4.3 for details about the treatment of the equipment 

and material for blanks. 
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The deionized water carboy is needed for the blanks – unfiltered water samples. Figure 

11.1 shows the consumables needed. You also need:  

 plastic beaker, rinsed 4 times with DI water 

 filtration syringe, rinsed 4 times with DI water 

 Several syringe filters 

11.1.3.1 Blanks – unfiltered water 

Figure 11.1 shows the consumables for the blanks – unfiltered water. 

 

Figure 11.1 ‡Consumables and their respective labels for the blanks unfiltered water‡ 

‡The CTOXP_X blank sample was performed in 2019 only, in a restricted number of lakes. TSS0_X sample 

was done in 2018 and 2019 only. 

 

1. Select all bottles and vials identified as "blanks". Make sure all bottles are 

labelled prior to processing as the labels stick much better on dry bottles. 

2. The plastic beaker and syringe have been rinsed 4 times with DI water in the 

morning (section 7.4.3). Rinse them one more time before proceeding. Then, fill 

the plastic beaker with DI water. 

3. Rinse Pestpharma, TP, TKN and CTOX vials and caps ‡4 times‡ (10 ml of DI 

water each time). 

4. PPWE (Pestpharma): Rinse the bottle and cap ‡4 times‡ with DI water (~50 ml 

each time) the bottle and cap. Fill the bottle to the top, then pour off about 150 ml 

of excess water into the measuring container provided. Tightly replace the cap, 

being careful to not touch the inside of the bottle, the inside of the cap or the 

threads of the bottle. 
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5. CTOX AND ‡‡CTOXP‡‡: Rinse ‡4 times‡ (30 ml each time) the bottle and cap 

with DI water. Fill the bottle with DI water to below the neck, leaving headspace 

for ice expansion. 

6. TP0 A and TKN0 A: Rinse with ‡4 times‡ (10 ml each time) the TP A vial and 

cap and the TN A vial and cap with DI water. Fill the TP A and TN A vials with DI 

water to ⅘ of the bottle (~35 ml, leaving space for reagents to be added during 

analysis). 

7. Refer to section 11.1.6 for handling and storage of samples 
‡Bottles were rinsed 3 times in 2017; 4 times in 2018 and 2019. 

‡‡ In 2017 and 2018, HDPE bottles were used. In 2019, a combination of HDPE et PETG bottles were used 

to test the effect of different plastics. The detailed itinerary indicates which bottle to use on each lake. 

11.1.3.2 Blanks - filtered water 

Figure 11.2 shows the consumables for the blanks – unfiltered water. 

Figure 11.2 Consumables and their respective labels for the blanks filtered water 

 

1. Fill the syringe with DI water. 

2. Install a new 0.45 µm syringe filter on the syringe. 

3. Rinse the SRP, NOx, NHx, ANIO, CATI and DOC bottles and caps ‡4 times‡ 

with 10 ml of filtered DI water. 

4. SRP: Rinse the bottle and cap ‡4 times‡ with DI water (~30 ml each time). Fill the 

bottle to the neck, leaving room for ice expansion. 

5. NOX, NHX and ANIO: Rinse the bottle and cap ‡4 times‡ with DI water (~10 ml 

each time). Fill the bottle to the neck, leaving room for ice expansion. 

6. CATI: Rinse the bottle and cap ‡4 times‡ with DI water (~10 ml each time). Fill 

the bottle to the neck.  

7. DOC0: Check that the extra gas-tight septum (beige) is still in place, with the 

darker side of the septa facing the sample water. Rinse the vial and cap ‡4 

times‡ with DI water‡ (~20 ml each time). Fill the bottle the vial with DI water until 
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overflowing, cap tightly and invert. There should be no air bubbles – if there are, 

add more water. 

8. Refer to section 11.1.6 for handling and storage of samples. 
‡Bottles were rinsed 3 times in 2017; 4 times in 2018 and 2019. 

11.1.4 Epilimnion water 

Two epilimnion carboys were retrieved from the index site. Some samples require whole 

(unfiltered) lake water, some samples require filtered lake water, while other samples are 

the particulates that remain on the filter after filtering whole lake water (section 11.2). 

Keep the carboys in the cooler with an ice pack for as long as possible and mix every 

time before pouring water out of the carboys. 

11.1.4.1 Epilimnion unfiltered water 

Figure 11.3 shows the consumables for the unfiltered epilimnion water samples. Make 

sure all bottles are labelled prior to processing as the labels stick much better on dry 

bottles. 

 

Figure 11.3 Consumables and their respective labels for the epilimnion unfiltered samples 
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1. Select all bottles and vials identified as “Epilimnion unfiltered” and “A”. 

2. Invert carboy "A" a couple of times to mix it, pour a small volume of water into the 

"Epilimnion A" plastic beaker. Rinse the beaker ‡4 times‡ with lake water. 

3. Rinse the syringe with lake water: suck up ~ 20 ml of lake water from the plastic 

beaker and ~ 40 ml of air into the syringe and shake vigorously. Discard the rinse 

water and repeat for a total of ‡4 times‡. 

4. Invert carboy "A" a couple of times to mix it, then fill the "A" plastic beaker with 

lake water. 

5. Use the "A" syringe to withdraw sample water from the plastic beaker for rinsing 

the bottles and vials. 

6. PHYTE: Rinse ‡4 times‡ (30 ml each time) the bottle and cap. Fill the 

phytoplankton bottle to the neck and add ~10 drops of Lugol’s solution to obtain a 

dark tea color, shake gently. 

7. CTOX AND CTOXP: Rinse ‡4 times‡ (30 ml each time) the bottle and cap. Fill 

the bottle to below the neck, leaving headspace for ice expansion. 

8. TP0 A and TKN0 A: Rinse with ‡4 times‡ (10 ml each time) the TP A vial and cap 

and the TN A vial and cap. Fill the TP A and TN A vials to ⅘ of the bottle (~35 

ml, leaving space for reagents to be added during analysis). 

9. PICO1 and PICO2: Use the syringe to fill ~4.5 ml into the 5 ml tube (pico 1), and 

~1.8 ml into the 2 ml tube (pico 2).  

10. Repeat steps 1 to 8 with carboy "B". Phytoplankton, picoplankton 1 and 

picoplankton 2, and Pestpharma are only for carboy A.  ‡‡PETG bottles for 

Cyanotoxins‡‡ are used in certain lakes in 2020 only (taking water from the 

carboy "B"), to compare the effect of the plastic type on the cyanotoxins 

analyses. Those lakes are identified in the detailed itinerary. 

11. Refer to section 11.1.6 for handling and storage of samples. 

‡Bottles, beakers and syringes were rinsed 3 times in 2017; 4 times in 2018 and 2019. 

‡‡In 2017 and 2018, only HDPE bottles were used. In 2019, a number of PETG bottles were used in 

specific lakes. 

11.1.4.2 Epilimnion filtered water 

Figure 11.4 shows the consumables for the filtered epilimnion water samples. Make sure 

all bottles are labelled prior to processing as the labels stick much better on dry bottles. 
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Figure 11.4 Consumables and their respective labels for the epilimnion filtered samples 

 

1. Set aside the bottles labelled as “Epilimnion filtered” and “A”. 

2. Invert carboy “A” a couple of times to mix it gently. Transfer about 200 ml of lake 

water to the "A" beaker. 

1. Attach a 0.45 µm syringe filter to the end of the syringe and discard the first few 

ml of water that pass through it. Change the filter for a new one if it gets clogged 

and after filtered all epilimnion filtered samples. Use the syringe to withdraw (no 

filter when withdrawing) sample water for rinsing and filling the bottles and vials. 

3. SRP: Rinse the bottle and cap ‡4 times‡ with filtered lake water (~30 ml each 

time) the bottle and cap. Fill the bottle to the neck, leaving room for ice 

expansion. 

4. NOX, NHX and ANIO: Rinse the bottle and cap ‡4 times‡ with filtered lake water 

(~10 ml each time) the bottle and cap. Fill the bottle to the neck, leaving room for 

ice expansion. 

5. CATI: Rinse the bottle and cap ‡4 times‡ with filtered lake water (~10 ml each 

time). Fill the bottle to the neck.  

6. DOC0: Check that the extra gas-tight septum (beige) is still in place, with the 

darker side of the septa facing the sample water. Rinse the vial and cap ‡4 

times‡ with filtered lake water (~20 ml each time). Fill the vial with filtered water 

until overflowing, cap tightly and invert. There should be no air bubbles – if there 

are, add more water. 

7. CDOM_EEM: check that the extra gas-tight septum (beige) is still in place, with 

the darker side of the septa facing the sample water. Rinse the vial and cap ‡4 
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times‡ with filtered lake water (~20 ml each time). Fill the vial with filtered water 

until completely full.  

8. FTIC: Rinse the bottle and cap ‡4 times‡ with filtered lake water (~20 ml each 

time). Fill the bottle to the neck, leaving room for ice expansion. 

9. Repeat steps 1-7 with carboy B. CDOM_EEM and FTIC are only taken with 

carboy A. 

10. Refer to section 11.1.6 for handling and storage of samples.  
‡Bottles, beakers and syringes were rinsed 3 times in 2017; 4 times in 2018 and 2019.‡ 

11.1.5 Hypolimnion water 

One hypolimnion carboy was retrieved from the index site using the Van Dorn water 

sampler. Some samples require whole (unfiltered) lake water and some samples require 

filtered lake water. Keep the carboy in the cooler with an ice pack for as long as possible 

and mix every time before pouring water out of the carboy. Limit light exposure as much 

as possible. 

11.1.5.1 Hypolimnion unfiltered water 

Figure 11.5 shows the consumables for the unfiltered hypolimnion water samples. 

 

Figure 11.5 Consumables and their respective labels for the hypolimnion unfiltered samples 

 

1. Invert carboy "Hypo" a couple of times to mix it, pour a small volume of water into 

the "Hypo" plastic beaker. Rinse the beaker ‡4 times‡ with lake water. 

2. Rinse the "Hypo" syringe ‡4 times‡ with lake water: suck up ~ 20 ml of lake water 

from the plastic beaker and ~ 40 ml of air into the syringe and shake vigorously. 

Discard the rinse water and repeat for a total of ‡4 times‡. 

3. Select all bottles and vials identified as “hypolimnion” (Fig 11.5). Duplicates are 

taken from the same carboy. 
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4. Use the syringe to withdraw sample water for rinsing and filling the bottles and 

vials. 

5. TPH A and TKNH A: Rinse with ‡4 times‡ (10 ml each time) the TP A vial and 

cap and the TN A vial and cap. Fill the TP A and TN A vials to ⅘ of the bottle 

(~35 ml, leaving space for reagents to be added during analysis). Repeat for the 

TPH_B and TKNH_B vials, using the same carboy. 

6. Refer to section 11.1.6 for handling and storage of samples 

‡Bottles, beakers and syringes were rinsed 3 times in 2017; 4 times in 2018 and 2019. 

11.1.5.2 Hypolimnion filtered water 

Figure 11.6 shows the consumables for the filtered hypolimnion water samples. 

Figure 11.6 Consumables and their respective labels for the hypolimnion filtered samples 

1. Set aside the sample bottles labelled as "Hypolimnion filtered".  

2. Gently mix hypolimnion bottle by inverting it several times. 

3. Using the hypolimnion syringe from the unfiltered sampling, withdraw sample 

water for rinsing the bottles and vials.  

4. Attach a 0.45 µm syringe filter to the end of the syringe and discard the first few 

ml of water that pass through it. Change the filter for a new one if it gets clogged. 

Use the syringe to withdraw (no filter when withdrawing) sample water for rinsing 

and filling the bottles and vials. 

5. SRP: Rinse the bottle and cap ‡4 times‡ with filtered lake water (~30 ml each 

time) the bottle and cap. Fill the bottle to the neck, leaving room for ice 

expansion. 

6. NOX and NHX: Rinse the bottle and cap ‡4 times‡ with filtered lake water (~10 

ml each time) the bottle and cap. Fill the bottle to the neck, leaving room for ice 

expansion. 

7. Refer to section 11.1.6 for handling and storage of samples. 
‡Bottles, beakers and syringes were rinsed 3 times in 2017; 4 times in 2018 and 2019. 
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11.1.6 Water sample handling and storage  

For blanks, surface water and hypolimnion water, this should be done as soon as 

samples are processed 

 

NOTE: WHEN WORKING WITH ACID AND PRESERVATIVES, WEAR PROPER 

SECURITY EQUIPMENT: HEAVY GLOVES, PROTECTION GLASSES AND LAB 

COAT. 

 

1. ‡TP‡ and TN samples (including blanks samples, if applicable):  

a) Wear heavy gloves, glasses and lab coat. With the pipette set to 0.16 ml and a 

pipette tip, add H2SO4 to bring pH to 2 for all vials identified TN, shake gently. 

Use a disposable transfer pipette to transfer a drop of acidified unfiltered lake 

water onto a piece of pH paper. Add H2SO4 until the pH reaches 2. Store the 

pipet tip in appropriate container and bring back at Université de Sherbrooke at 

the end of the field season. 

b) Tape the lid of the TN vial with black electrical tape and white tape for TP.  

c) Put TP and TN samples in the refrigerator. 
‡In 2017, TP samples were acidified with H2SO4, but not in 2018 and 2019.‡ 

 

2. PICO 1 and 2 samples: 

a) Preserve the samples with paraformaldehyde and glutaraldehyde (P&G) solution: 

use a P200 set to 0.16 ml (160 µL) to pipette 0.16 ml of P&G into the 2 ml tube 

and 0.48 ml of P&G into the 5 ml tube (pipette 0.16 ml three times). 

b) Put the lid on and invert cryovials a couple of times. 

c) Store cryovials in the -80°C freezer. 

 

3. CATI:  

a) Using the P200 pipette set to 0.16 ml, add HNO3 from the HNO3 ampoule to the 

cation bottles. 

b) Put cap on and invert vial several times. Use a disposable transfer pipette to 

transfer a drop of acidified unfiltered lake water onto a piece of pH paper. Add 

HNO3 until the pH reaches 2. Keep acidifying, 0.16 ml at a time, until the pH 

reaches 2. 

c) Put the vial in the refrigerator. 

 

4. Cyanotoxins: store bottles in the -20°C freezer. 

 

5. Phytoplankton: store bottle in designated box (ambient temperature). 

 

6. SRP, NHX, NOX: store bottles in the -20°C freezer. 

 

7. CDOM_ EEM: store in the refrigerator and in the dark until analysis (cover rack with 

aluminum foil, or other material to reduce light exposure).  
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8. DIC/DOC: store in the refrigerator 

11.2 Particulates on filter 

11.2.1 Summary of method 

Lake water from the epilimnion is filtered through clean filtration apparatuses until the 

filter is nearly clogged. Filters are carefully transferred to a cryovial, and stored in a 

freezer. Note that different variables use the same type of filters, but some filters need to 

be pre-combusted. The person processing the water samples in this whole section 

(11.2) is P2 (person 2). 

 

NOTE: All filtration with the vacuum pump should be done with 8 inches of mercury or 

less (outer scale of the right manometer of the Gast pump) 

11.2.2 Equipment and supplies 

Table 11.2 summarizes all the samples as well as blanks taken, and indicates additives 

and appropriate storage conditions. Figure 11.7 shows the consumables needed for the 

particulates on filter samples. 

 

Table 11.2 Summary of particulates on filter samples from morning sampling, volume of water 
filtered per sample type, and storage. Equipment, personal equipment and particular precautions 
are also indicated. 

Consumables 

  

Volume (ml) Mobile 

lab/transport 

Epi Hyp Bl 
   

2 
  

DNA filters (Durapore 0.22 µm, 47 mm) 100 - 500 Freezer (-80oC) 

2 
  

DNA cryovials (Nalgene sterile, 2 ml) 
  

2 
  

RNA filters (Durapore 0.22 µm, 47 mm) 100 - 500 Freezer (-80oC) 

2 
  

RNA cryovials (Nalgene sterile, 2 ml, pre-loaded 

with RNA-later) 

  

2 
 

1 Chl a AM filters (non pre-combusted GF/F , 25 

mm) 

Nearly clogged 

(<200 ml) 

Freezer (-80oC) 

2 
 

1 Chl a AM cryovials (non sterile, 2 ml) 
  

2 
 

1 POM (Carbon) filters (pre-combusted GF/F, 25 

mm) 

nearly clogged 

(<300 ml) 

Freezer (-20oC) 

2 
 

1 POM (Nitrogen) filters (pre-combusted GF/F, 25 

mm) 

nearly clogged 

(<300 ml) 

Freezer (-20oC) 

2 
 

1 POM (Phosphorus) filters (pre-combusted GF/F, 

25 mm) 

nearly clogged 

(<300 ml) 

Freezer (-20oC) 

6 
 

3 POM cryovials (non sterile, 2 ml) 
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# Equipment (non-consumables) Treatment 

2 

 

2 

 

2 

1 

1 

1 

2 

6 

2 

Glass filtering apparatuses 47 mm (3 pieces: graduated top funnel, 

fritted glass support, clamp) 

Plastic filtering apparatuses 25 mm (3 pieces: graduated top funnel, 

support screen, base) 

Four-head filtering ramp 

Vacuum pump* - 8 inches of Hg max 

Vacuum carboy** - watch so that it doesn’t overflow 

Set of tubing (connects pump with filtering ramp and vacuum carboy) 

Glass graduated cylinder 500 ml 

Plastic graduated cylinder 500 ml  

Forceps 

Acid-wash (20 

min) 

Acid-wash 

 

Run 5 min 

 

Acid-wash 

Acid-wash 

Ethanol 

Acid-wash 

 

*The vacuum pump should be left running for 5 minutes at the end of the day, without any housing plugged. 

This allows any remaining moisture to evacuate. 

** Constantly watch the carboy the water being filtered so that it doesn’t overflow. Keep the filtered water to 

make a vinegar solution for washing the boat, motor, zooplankton net, anchors, etc. 

 

Personal equipment 

 Gloves 

 

Particular precautions 

Carefully rinse 4x all filtering equipment (filtering apparatuses, graduated cylinders) 

Glass filtering apparatuses and cylinders are particularly fragile and tend to break during 

transport if located in the acid bath. To prevent breakage, store in bubble wrap for 

transportation and acid-wash for about 20 minutes in the morning at the lake’s shore. 
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Figure 11.7 Consumables and their respective labels for the particulates on filter samples. 

11.2.3 Blanks – particulates on filter 

Blanks are typically done in one lake out of 6. The detailed itinerary indicates lakes 

where blanks are done. Use deionized water instead of lake water for blanks. Refer to 

section 7.4.3 for details about the treatment of the equipment and material for blanks. 

Figure 11.8 shows the consumables needed for the particulates on filter – blanks 

(morning samples). 

 

The deionized water carboy is needed for the blanks – unfiltered water samples. Figure 

11.8 shows the consumables needed. You also need:  

 1 Plastic graduated cylinder, rinsed 4 times with DI water 

 1 Filtration unit (25 mm), rinsed 4 times with DI water 

 Foreceps 
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Figure 11.8 ‡Consumables‡ and their respective labels for the blanks particulates on filter 

samples  

‡In 2017, no chl a blanks were performed. 

 

1. Select all vials identified as "blanks" (Fig 11.8). Make sure all vials are labelled 

prior to processing as the labels stick much better on dry bottles. 

2. The plastic graduated cylinder and filtration unit have been rinsed 4 times with DI 

water in the morning (section 7.4.3). Rinse them one more time before 

proceeding. Then, fill the graduated cylinder with DI water. 
‡In 2017, bottles, beakers and syringes were rinsed 3 times. In 2018 and 2019, those were rinsed 4 times. 

11.2.3.1 Blanks - chla 

Filtration apparatus: plastic ‡25 mm‡ 

Filter: ‡25 mm non pre-combusted‡ 

 

1. Wear gloves to avoid contaminating the samples. Work in the dark to prevent 

light exposure. 

2. Rinse the filtration apparatus, graduated cylinder and forceps with DI water. 

3. Using the forceps, mount a ‡25 mm‡ non pre-combusted filter on the filtration 

apparatus, ensuring that it is well centered. 

4. Clamp the plastic funnel, again ensuring that it presses against the entire 

perimeter of the filter. 

5. Measure out 500 ml of DI water in the plastic graduated cylinder. 

6. Pour a little water in the filtration unit to ensure that it does not leak, if it does, 

unclamp funnel and readjust filter and carefully reclamp funnel. 
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7. Turn on the vacuum pump while keeping the suction on low pressure, open the 

manifold valve and pour 100 ml of sample at a time. 

8. Pour DI water until 500 ml have been filtered. 

9. Close the manifold as soon as the water finishes passing through the filter. 

10. Enter the volume of lake water filtered in the electronic form. 

11. When there is no more water above the filter, close the manifold valve (to prevent 

back flow). 

12. Using two pairs of forceps, fold the filter into a wedge by folding it in half, then a 

quarter, then an eighth, then slide it into a non-sterile 2 ml Cryovial tube labelled 

‘’CHLA_AM_X’’. 

13. Store the cryovial in the -80oC freezer. 
‡In 2017, 47 mm filters and filtration apparatus were used. In 2018 and 2019, 25 mm filters and filtration 

apparatus were used. 

11.2.3.2 Blanks - POM  

Filtration apparatus: plastic 25 mm 

Filter: 25 mm pre-combusted (3 filters) 

 

1. Wear gloves to avoid contaminating the samples.  

2. Use a squeeze bottle to rinse the plastic graduated cylinders and the plastic 

25 mm filtration apparatus components with DI water. Briefly turn on the pump to 

remove excess water from the manifold, then lower the pump pressure by 

loosening the valve. 

3. Use forceps to take a pre-combusted, 25 mm GF/F filter and place it on the base 

of the filtration apparatus. 

4. Clamp the funnel onto the base so that it presses on the entire perimeter of the 

filter and close the manifold valve. 

5. Pour 500 ml of DI water into the graduated cylinder. 

6. Check that the pump pressure is low (valve is loose) and turn on the pump. 

7. Open the manifold valve and slowly tighten the pump valve to increase the 

pressure to a maximum of 7 psi (high suction may burst cells on the filter). 

8. Gradually pour the DI water in the filtration funnel until all the water is filtered. 

9. When there is no more water in the funnel, close the manifold valve. 

10. Unclamp the funnel from the base to expose the filter. 

11. Using two pairs of forceps, fold each filter into a wedge by folding it in half, then a 

quarter, then an eighth, then slide it into a 2 ml cryovial tube labelled as 

"POMC_A". 

12. Repeat the procedure for a total of 3 filters: “ POMC_X’’, ‘’POMN_X’’, ‘’POMP_X’’ 

13. Place all the POM samples in a small Ziploc bag in the -20oC freezer. 
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11.2.4 DNA  

Filtration apparatus: glass 47 mm 

Filter: 47 mm Millipore 

 

1. Put on new gloves to prevent contamination, 

2. Use a spray bottle of 70% ethanol to rinse your gloved hands, the glass filtration 

apparatus, forceps and 500 ml glass graduated cylinder. The ethanol can be 

reagent grade or from the pharmacy. Rest the forceps in a clean place. 

3. Rinse the ethanol-cleaned items with DI water. 

4. Install the ethanol-rinsed glass filtration unit on the filtration ramp. 

5. Turn on vacuum to drain rinsing water. 

6. Using the forceps, mount a 47 mm 0.22 µm Durapore membrane filter on the 

filtration apparatus, ensuring it is well centered and covering the entirety of the 

fritted base (adherence is helped by the remaining water from the rinsing). 

7. Clamp the glass funnel, again ensuring that it presses against the entire 

perimeter of the filter. 

8. Invert Carboy A several times to mix. 

9. Rinse thoroughly the Nitex mesh with lake water. 

10. Measure out 500 ml of lake water in the ethanol-rinsed glass graduated cylinder, 

pre-filtering the lake water through the Nitex mesh in order to remove any 

zooplankton. 

11. Pour a little Nitex-filtered lake water in the filtration unit to ensure that it does not 

leak, if it does, unclamp funnel and readjust filter on the fritted base and carefully 

reclamp funnel. 

12. Turn on the vacuum pump while keeping the suction on low pressure, open the 

manifold valve and pour 100 ml of sample at a time. 

13. Pour water until 500 ml have been filtered, or until the filter nearly clogs. 

14. Close the manifold as soon as the water finishes passing through the filters. 

15. Enter the volume of water filtered in the electronic form. 

16. Use DI water to rinse funnel walls. Re-open the manifold to let the DI water pass 

through the filter. 

17. When there is no more water above the filter, close the manifold valve (to prevent 

back flow). 

18. Using two pairs of forceps, fold each filter into a wedge by folding it in half, then a 

quarter, then an eighth, then slide it into an empty sterile 2 ml Cryovial tube 

labelled ‘’DNAF_A’’. 

19. Repeat steps 2-17 with carboy B. The filters used with lake water from carboy B 

should be labelled as B. Put the cryovial, along with the other DNA and RNA 

cryovials, into a small Ziploc bag (IDed with lake ID) and store in the -80°C 

freezer. 
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11.2.5 RNA  

Filtration apparatus: glass 47 mm 

Filter: 47 mm Millipore 

 

1. Follow steps 1 through 17 from the "11.2.1 DNA" section above. 

2. Using two pairs of forceps, fold each filter into a wedge by folding it in half, then a 

quarter, then an eighth. Insert the filter in the sterile Cryovial that has been pre-

loaded with 1 ml of RNA later. Label as “RNAF_A”. 

3. Repeat with carboy B. The filter used with lake water from carboy B should be 

labelled as B. Put the cryovial, along with the other DNA and RNA cryovials, into 

a small Ziploc bag (IDed with lake ID) and store in the -80°C freezer. 

11.2.6 Chl a AM (chlorophyll a) 

Filtration apparatus: plastic ‡25 mm‡ 

Filter: ‡25 mm non pre-combusted‡ 

 

1. Wear gloves to avoid contaminating the samples. Work in the dark to prevent 

light exposure. 

2. Rinse the filtration apparatus, graduated cylinder and forceps with DI water. 

3. Using the forceps, mount a ‡25 mm‡ non pre-combusted filter on the filtration 

apparatus, ensuring that it is well centered. 

4. Clamp the plastic funnel, again ensuring that it presses against the entire 

perimeter of the filter. 

5. Invert Carboy A several times to mix. 

6. Measure out 200 ml in the plastic graduated cylinder. 

7. Pour a little water in the filtration unit to ensure that it does not leak, if it does, 

unclamp funnel and readjust filter and carefully reclamp funnel. 

8. Turn on the vacuum pump while keeping the suction on low pressure, open the 

manifold valve and pour 100 ml of sample at a time. 

9. Pour water until 200 ml have been filtered, or until the filter nearly clogs. 

10. Close the manifold as soon as the water finishes passing through the filter. 

11. Enter the volume of lake water filtered in the electronic form. 

12. Use DI water to rinse funnel walls. Re-open the manifold valve gently to filter the 

added DI water. Close the manifold valve when there is no more water above the 

filter (to prevent back flow). 

13. Using two pairs of forceps, fold the filter into a wedge by folding it in half, then a 

quarter, then an eighth, then slide it into a non-sterile 2 ml Cryovial tube labelled 

‘’CHLA_AM_A’’. 

14. Repeat steps 1-14 with carboy B. Put both filters in a small IDed Ziploc bag and 

store in the -80oC freezer. 
‡In 2017, 47 mm filters and filtration apparatus were used. In 2018 and 2019, 25 mm filters and filtration 

apparatus were used. 
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11.2.7 POM (Particulate Organic Matter) 

Filtration apparatus: plastic 25 mm 

Filter: 25 mm pre-combusted (3 filters from carboy A and 3 filters from carboy B) 

 

1. Wear gloves to avoid contaminating the samples.  

2. Use a squeeze bottle to rinse the plastic graduated cylinders and the plastic 

25 mm filtration apparatus components with DI water. Briefly turn on the pump to 

remove excess water from the manifold, then lower the pump pressure by 

loosening the valve. 

3. Use forceps to take a pre-combusted, 25 mm GF/F filter and place it on the base 

of the filtration apparatus. 

4. Clamp the funnel onto the base so that it presses on the entire perimeter of the 

filter and close the manifold valve. 

5. Gently invert the carboy “A” a couple of times to mix without damaging cells. 

6. Measure out 300 ml using the graduated cylinder and pour it into the manifold 

funnel. 

7. Check that the pump pressure is low (valve is loose) and turn on the pump. 

8. Open the manifold valve and slowly tighten the pump valve to increase the 

pressure to a maximum of 7 psi (high suction may burst cells on the filter). 

9. Gradually add more water in the graduated cylinder and filter, making sure to mix 

the carboy every time before pouring into the filter funnel and keep track of the 

volume of water filtered. 

10. When the filter is nearly clogged, stop adding lake water, note the volume of 

water filtered in the electronic form and rinse the walls of the filtration funnel with 

DI water from the squeeze bottle. 

11. When there is no more water in the funnel, loosen the pump valve to lower the 

pressure and turn the pump off. 

12. Unclamp the funnel from the base to expose the filter. 

13. Using two pairs of forceps, fold each filter into a wedge by folding it in half, then a 

quarter, then an eighth, then slide it into a 2 ml cryovial tube labelled as 

"POMC_A". 

14. Place the identified cryovial and freeze in the -20°C freezer. 

15. Repeat the procedure for a total of 6 filters: 

Carboy A: ‘’ POMC_A’’, ‘’POMN_A’’, ‘’POMP_A’’ 

Carboy B: ‘’ POMC_B’’, ‘’POMN_B’’, ‘’POMP_B’’ 

16. Place all the POM samples in a small Ziploc bag in the -20oC freezer. 

12 Afternoon Index Site - Optical measurements 
The subteam B (P3 and P4) returns to the index site while subteam A (P1 and P2) work 

in the mobile laboratory to process the index site morning samples, as described in 

section 11. After anchoring at the index site, depth measurement, coordinates and 

weather variables are re-taken. The optical measurements taken depend on the 

equipment provided to each team. Additionally, a surface water sample, collected at the 
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same depth as the morning surface water collection, is retrieved. This water is used for 

water samples and filtrations related to the optics measurements. Finally, sediment 

cores are retrieved. 

 

Bring all the equipment listed in Table 7.1 A – Boating equipment list. Additionally, bring 

the equipment listed in Table 12.1. 

 

 

Table 12.1 Afternoon index site sampling equipment lists. Note that each optics instrument 
requires a specific list of equipment. Boating and safety equipment listed in Table 7.1 A must also 
be carried. 

A) Index site afternoon sampling equipment list 

Quantity Sampling equipment End of day treatment 

1 

1 

1 

1 

1 

 

 

1 

 

4 

~ 6 

Secchi + 10 m marked rope + 2 clothes pin 

Measuring tape 

Cooler with ice packs (small blue, 20 L) 

Epilimnion afternoon carboy (10 L) 

Integrated tube sampler 

OPTICS EQUIPMENT (depends on each team) 

Sediment corer (with marked rope and nut driver) 

Core tubes in the core tube holder 

Core plugs and orange core caps 

Vinegar-wash 

 

Acid-wash 

Acid-wash 

Clean with diluted Vinegar-

wash 

 

Vinegar-wash 

 

Brush + rinse 

Brush + rinse 

 

B) Index site morning - consumables 

Quantity Sampling equipment 

2 Gloves (bag with several pairs); replace as needed 

 

 

The specific optical instruments vary by team. Each team receives specific training and 

instructions based on the instruments they have, which are too specific and extensive to 

include in this field protocol. Those instruments may include: 

- ACS or AC9 

- BB9 or Hydroscat 

- C-OPS or Hyperpro 

12.1 Optical measurements 

12.1.1 Secchi Disk Transparency 

12.1.1.1 Summary of the methods 
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A Secchi disk is a black and white patterned disk used to measure a lake’s clarity 

(Figure 12.1). Take the reading on the shady side of the boat, without sunglasses, hat, 

or other viewing aids. Record the depths where the disk disappears when descending 

and reappears when retrieving.  

 

 
Figure 12.1 Secchi disk diagram (EPA, 1991) 

12.1.1.2 Equipment and Supplies 

Table 12.2 Consumables, equipment, personal equipment and particular precautions for the 
Afternoon Index site – Secchi disk transparency. Equipment, personal protection equipment and 
particular precautions are also indicated. 

Consumables 

  None 

Post-sampling storage 

 

Mobile lab/transport 

 

 

# 

1 

1 

1 

2 

Equipment (non-consumables) 

Ipad tablet with electronic form, in waterproof case 

Secchi disk with marked 10 m rope 

measuring tape 

Clothes pin (optional) 

Treatment 

Charge 

Vinegar-wash 

 

Personal equipment 

 None 

 

Particular precautions 

 Perform on shady side of the boat 

 Remove sunglasses 

 Have the same person doing the measurement in every lake, as much as possible 

 

12.1.1.3  Procedure for Determining Secchi Transparency 

Because different people measuring Secchi transparency at the same site may obtain 

different results (due to differences in vision and interpreting disk disappearance and 
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reappearance), it is recommended that one crew member conducts Secchi disk 

measurements at all lakes for the entire duration of the field survey. If the lake is shallow 

and the water clear, the Secchi disk might reach the bottom and still be visible. If this is 

the case, it is important to not stir up the sediments while anchoring the boat. Move the 

boat away from the anchor before taking the reading. If the disk is visible at the bottom 

of the lake, indicate this by ticking "yes" (or "No" otherwise) on the "clear to bottom" box 

on the Index Sample Collection Form and record the water depth in both the 

disappearance and reappearance fields.  

 

The following procedure is to be followed when collecting Secchi disk measurements: 

1. Confirm that the lowering line is firmly attached to the Secchi disk. 

2. Remove sunglasses and hat. Also, do not use view scopes or other visual aids. If 

wearing prescription sunglasses, temporarily replace them with regular clear lens 

prescription glasses. 

3. Lower the Secchi disk over the shaded side of the boat until it disappears. 

4. Read the depth indicated on the lowering line. Record the disappearance depth 

by clipping the clothes pin and measuring the length. Record the disappearance 

depth on the Index Sample Collection form. Using the depth of disappearance, 

the electronic form will calculate the depth of sampling (2 times the 

disappearance depth as a proxy for the euphotic zone depth) for the water 

samples taken with the integrated water sampler (This value is reported in the 

Epilimnion water samples section title): 

1. If euphotic zone is less than 2 meters, water samples are collected only 

within the euphotic zone. 

2. If euphotic zone is greater than 2 meters, water samples are collected from 

the top 2 meters of the water column. 

7. Lower the disk a bit deeper and then slowly raise the disk until it reappears and 

record the reappearance depth, using the same level of precision as before. 

8. Secchi - Notes:  Note any conditions that might affect the accuracy of the 

measurement in the comments field. 

12.1.2 Optical instruments 

12.1.2.1 Apparent optical properties (AOPs) 

AOPs are optical properties of the water column that depends upon the light field (e.g., 

Sun position). Two such properties are measured during LakePulse: the diffuse 

attenuation coefficient and the reflectance. This can be done using spectro radiometers 

that are deployed either in the water or above the water from the boat.  

 

Specific instructions on how to use the instrument providing AOPs is given during the 

LakePulse training. 
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12.1.2.2  In-water light profiles 

Vertical light profiles are obtained using two type of instruments, i.e. the C-OPS 

(Compact-Optical Profiling System, from Biospherical Instrument) and the HyperPro 

(from Satlantic). The COPS consists of two 7 cm diameter radiometers: one measures 

in-water upwelling radiance (or upward irradiance or both), and the other either 

downward irradiance, pressure/depth, and tilt. Both radiometers are equipped with 19 

optical wavebands and are mounted on a free-fall backplane. In addition, avoiding any 

influence from the shadow of the boat, the frame can be optimized for either slow 

descent rates for work in very shallow (e.g., 3 m) lakes waters. Typically, the profiler is 

thrown by hand in the water and the boat moves away from the instrument to avoid any 

shading effect or unwanted reflexion from the boat structure. 

 

The system also include above-water reference irradiance instruments to measure 

global irradiance, and optionally a  “BioSHADE” shadowband assembly for making 

diffuse irradiance measurements, and a “BioGPS” for providing GPS position and time. 

12.1.2.3 The C-OPS 

Specific instructions on how to use the C-OPS is given during the LakePulse training 

12.1.2.4 The HyperPro 

Specific instructions on how to use the Hyperpro is given during the LakePulse training 

12.1.3 Water collection 

12.1.3.1 Summary of method 

Surface water is collected in the same way as in the morning sampling. Integrated water 

samples are taken from the euphotic zone, estimated as being twice the depth of the 

secchi depth, to a maximum of 2 m. Sample bottle should be kept in the dark and on ice 

until further processing. 

12.1.3.2  Equipment and supplies 

Table 12.3 Consumables, equipment, personal equipment and particular precautions for the 
index site afternoon– water collection.  

 

Consumables 

  None 

Post-sampling storage 

Carboy in cooler with ice packs 

Mobile lab/transport 

 

 

# 

1 

Equipment (non-consumables) 

Integrated tube sampler 

Treatment 

Acid-wash 

http://www.biospherical.com/index.php?option=com_content&view=article&id=68:bioshade&catid=35&Itemid=107
http://www.biospherical.com/index.php?option=com_content&view=article&id=69:biogps&catid=35&Itemid=108


 

95 

 

1 

1 

Carboy 9 L, wrapped in dark fabric and kept in cooler  

Cooler with ice packs 

Acid-wash 

Freeze 

 

Personal equipment 

 Nitrile gloves 

 

Particular precautions 

Remove sunglasses  

Keep the carboys in the dark to prevent sun exposure (e.g. garbage bag), store in cooler with 

ice packs 

 

12.1.3.3  Procedure 

1. Wear gloves. 

2. Rinse the integrated tube sampler by immersing it in the water several times 

while open. 

3. Collect water from the depth of the euphotic zone as previously determined 

through use of the secchi depth (2x secchi depth to max of 2 m). Use the same 

depth as determined earlier that day. 

4. Use a first integrated sample to rinse the carboy, shake and empty.  

5. Rinse carboy twice more, ensuring to clean carboy and cap thoroughly.  

6. Fill the carboy. 

7. Put carboy in cooler with ice packs and keep in the dark. 

12.2 Sediment Coring 
The last lake activity to be done on the lake is the coring. At no time should coring be 

done before water sampling or optical measurements. 

 

At each lake, three "partial sediment cores" are retrieved: 

P1: "pair 1", top-bottom 

P2: "pair 2", top and bottom (depending length) 

P3: "pair 3", top only 

 

At the lake sampled prior to shipping day (therefore, at one lake per week), an additional 

core is retrieved. 

P4: "pair 4", full core 
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Table 12.4 Target analytes on each sediment core. 

Core P1, P2 and P3 P4 

Target 

analytes 

- Diatom assemblages (P1) 

- Subfossil cladoceran assemblages (P1) 

- Paleogenetics for microeukaryotes 

(P1)         

- Mercury (total and methyl) (P1) 

- Chl a (NIRS) (P2 top/bot or P2 top/P1 bot) 

- Chironomid assemblages (P2 top/bot or 

P2 top/P1 bot) 

- Pigments (P1) 

- Pharma & pesticides (P3) 

 

Proposed additional analyses 

- Dating of some bottoms (P1) 

- Hyperspectral scanning 

- Pigment analyses 

 

Additional analyses on some cores 

- Chl a (NIRS) 

- Diatom assemblages 

- Chironomid assemblages 

- Carbon content 

- Paleogenetics for microeukaryotes 

- Subfossil cladoceran assemblages 

- Mercury (total and methyl) 

12.2.1 Summary of Method 

Use a gravity-type sediment corer to collect several intact sediment cores at the index 

site. Back on shore, the top and bottom of each core are sectioned using a vertical 

extruder. For at least one of the top-bottom pairs, clean techniques are be used to 

subsample sediment destined for paleogenetics and mercury analyses. The results are 

used to assess current and past conditions of biological assemblages as well as mercury 

concentrations across the nation. As many of the bottom core samples as possible will 

be dated (using lead-210) to allow investigators to ascertain that the sediment 

represents pre-industrial conditions (at least pre-1880). A third core is collected for 

contaminants in the uppermost 4 cm. In addition, a full sediment core is collected by 

each team on the last day of the weekly rotation, on the day before shipping day, and is 

packed whole – such that it is extruded back at a university lab. 

 

If there is time for additional sediment samples to be taken (e.g. additional top-bottom), 

the field crews are encouraged to do so. 

12.2.2 Equipment and Supplies 

Table 12.5 List of consumables, equipment, personal equipment and particular precautions for 
the index site afternoon – sediment coring. Boating and safety equipment listed in Table 7.1 A 
must also be carried. 

Consumables 

  None 

Post-sampling storage 

 

Mobile lab/transport 
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# 

1 

4 

1 

6-8 

6-8 

1 

1 

1 

2 

1 

1 

Equipment (non-consumables) 

Corer head (gravity + marked rope, messenger, 3 weights) 

Core tubes 

Core tubes holder 

Core plugs 

Core caps (orange) 

Nut driver/ screwdriver 

Flathead screwdriver or pocketknife 

Core tube holder (holes to hold 4 core tubes) 

Sharpie markers 

Measuring tape 

Electrical tape 

Treatment 

 

Brush+rinse 

Brush+ rinse 

Brush+ rinse 

Brush+ rinse 

 

Personal equipment 

 None 

 

Particular precautions 

Ensure that the sediment - water interface is clear 

Keep the sediment cores in the shade at all times. Extrude the cores as rapidly as possible to 

minimize core expansion. 

 

12.2.3 Procedure - Sediment Core Sample Collection 

The goal is to retrieve 3 sediment cores, and a fourth core once a week just prior to 

shipping day. 

P1: at least 32 cm long, if possible (in ecozones 04-, 13- and 14- : aim for 22 cm long) 

P2: at least 32 cm long, if possible (in ecozones 04-, 13- and 14- : aim for 22 cm long) 

P3: at least 5 cm long 

P4 (one lake per week): as long as possible 

1. Coring should take place at or close to the deepest location in the lake (the index 

site) as this is where sediments focus to over time (exceptions are if the deepest 

site is a very steep hole – then a deep level area is desirable). Using depth 

sounder, establish depth of coring location and record depth in the electronic 

form. 

2. Wear surgical gloves at all times during sample collection to protect yourself from 

any potential contaminants in the sediments, and to prevent contamination of the 

sample from trace mercury on the skin of the sampling crew; in general, avoid 

items of clothing containing wool for any trace metal sampling, including mercury 

(because they can shed). 

3. If the bottom has been disturbed during the initial depth determination or for any 

other reason, move at least 5 m to take the core (re-record depth from sounder of 

new location). It is critical that the corer strikes undisturbed surface sediments.  



 

98 

 

4. Pre-rinse the core tube with lake water and then insert into the sampling housing 

apparatus. Tighten the hose clamp screws to secure the tube. Ensure the 

messenger is attached to the sampler line. Set the release mechanism. 

5. Slowly lower the corer down into the water 1 m and trigger messenger.  Pull up to 

the surface to ensure that there is a good seal.  Without bringing corer back into 

boat, release seal and re-cock the release mechanism so that it is ready for 

deployment. 

6. Lower the corer hand over hand through the water column, keeping track of the 

calibrations on rope (single mark every 1 m and double marked every 

5 m).  When the bottom of the core tube is 1 m above the sediments, maintain 

tension on the line and slowly lower the corer hand over hand (in control) 

allowing it to settle into the bottom substrate. If this is your second attempt and 

you did not retrieve a very long core the first time, consider allowing the corer to 

enter the sediment with a bit more force (but still in control). Once the corer has 

penetrated the sediments, you should feel a slight weakening of the tension on 

the line.  Keep the rope taught to prevent the corer from tilting and disturbing the 

core sample. 

Keep in mind that the goal is to obtain a core 32 cm in length. If this core length 

is not obtained the first time, the operation is repeated at a new location using 

additional weights on the corer. 

7. Trip the corer by releasing the messenger weight so that it slides down the line. 

Keeping the line vertical and keeping tension on the line helps ensure that the 

messenger reaches the sampler and trips the mechanism. 

8. Slowly raise the corer back to the surface (hand over hand – avoid jerking on the 

line), keeping the bottom of the core tube under the water. 

9. While keeping the bottom of the core tube under water, have your field partner 

reach under the surface and plug the bottom of the corer with a cleaned corer 

tube plug. Turn the core plug as you insert it to facilitate the insertion and to 

prevent the core plug from getting stuck. To do this without disturbing the water-

sediment interface, do not tilt the corer more than 45 degrees. (Note: core tube 

plugs are easily lost. Be sure to have spares available at all times.) 

10. Keeping your hand under the corer tube plug, raise the corer into the boat in a 

vertical position. Stand the corer in the core holder to prevent contaminating the 

boat with sediment material.  Release the ball-valve at the top of the corer so 

core top is open to air. A good core that is worth keeping has a clear sediment-

water interface. If core top is cloudy with sediments suspended in the water 

above the core, label core as inadequate and discharge the contents of the core 

when back on shore. Move the boat over 5 m and repeat coring process again. 

11. Support the core tube on something solid, and loosen the bottom two hose 

clamps to detach the core tube from the corer. One crew member should hold 

the core tube in a vertical position while the second person dismantles the unit. 

Once the corer has been removed – make sure that the core plug (with O-ring) 

has been fully inserted into the bottom of the core tube. You may need to push it 

carefully again on a boat bench or other hard surface to insert completely. 
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12. Put an orange end cap on the bottom of the core and a second on top of the core 

tube to protect the core until it gets to shore. Use a flat-head screwdriver or the 

blade of a pocketknife to allow air to enter the tube while you are pushing down 

the end cap. Secure bottom cap with electrical tape. 

13. Repeat steps 4 to 12 for a total of 2 sediment cores that are ≥ 32 cm (P1 and P2) 

and 1 sediment core ≥ 5 cm (P3). On the day before shipping day, retrieve an 

additional sediment core, as long as possible. 

Note: if the first core has a clear sediment water interface but the corer is rather short 

(less than 32 cm in length), keep the core and process as P2 or P3 (and the bottom from 

the other core will be shared). If having difficulty to retrieve long enough sediment cores, 

additional weights can be added to the corer. 

13 Laboratory processing of index site afternoon samples 
Once the B subteam returns to shore, water samples are brought to the lab for 

processing. P4 does the sediment core extrusion with the help of P3. P3 then processes 

the optics measurement files and decontaminate all the necessary equipment (section 

15.1). 

1. Gently mix carboys every time before removing a fraction of the water. 

2. Start filtering sequence (see schematic below for equipment required and 

contents of consumables/bottles kits).  

3. Wear gloves throughout. Change gloves whenever doubting their cleanliness.  

4. Keep carboys in the cooler (chilled/in the dark) whenever possible. 

5. Work in the dark, with a green table light not pointing directly at your work station. 

13.1 Water samples 

13.1.1 CDOM ABS (Carbon Dissolved Organic Matter – Absorption) 

Only one sample of filtered lake water is taken from the carboy of afternoon index site 

sampling. The description of this sample is given in table 13.1 while figure 13.1 shows 

the consumable with label. 
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Table 13.1 Summary of index site afternoon filtered water samples, volume of water filtered per 
sample type, and storage. Equipment, personal protection equipment and particular precautions 
are also indicated. 

Consumables  Additive Mobile 

lab/transport 

Epi Hypo Blk 
   

1 
  

CDOM absorption (Glass amber boston 

round Bottles 60 ml) 

 
Refrigerator (4°C) 

Several Syringe filter 0.45 µm 
  

 

# 

1 

1 

Equipment (non-consumables) 

Wet syringe 

Plastic beaker 

Treatment 

Acid-wash 

Acid-wash 

 

Personal equipment 

 Nitrile gloves 

 

Particular precautions 

Wear nitrile gloves to prevent contamination of samples, change gloves regularly. 

Always rinse the syringes and beakers 4 times before using. 

 

Figure 13.1 Consumable and its respective label for the filtered lake water of index site afternoon 
sampling. 
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1. Set aside the consumable labelled as “Optics – filtered water”. 

2. Wear gloves and work in the dark, with a green table light not pointing directly at 

your work station. 

3. Rinse the plastic beaker 3 times with sample water. Mix carboy, pour ~200 ml of 

sample water in the rinsed plastic beaker. 

4. Rinse the surface water syringe from the morning 4 times with 10 ml of sample 

water. Fill the syringe with sample water. 

5. Attach a 0.45 mm syringe filter to the end of the syringe and discard the first few 

ml of water that pass through it.  

6. Rinse the CDOM absorption bottle and cap 3 times with 20 ml of filtered water.  

7. Fill the bottle up to the neck. Change the filter for a new one if it gets clogged. 

8. Wrap in aluminum foil and re-label using electrical tape and permanent marker. 

9. Store immediately in the refrigerator (4OC). 

13.2 Particulates on filter 

13.2.1 Summary of method 

Lake water from the epilimnion, taken in the afternoon sampling, is filtered through clean 

filtration apparatuses until the filter is nearly clogged. Four variables are taken in 

duplicates. The samples are presented in table 13.2 while figure 13.2 shows the 

consumables with their respective label. These filtrations should be done in the dark in 

order to protect the chlorophyll a and HPLC pigment samples. You may set up a green 

table light not pointing directly at your work station. HPLC pigments and TSS samples 

are best when filters are filled to saturation. Particulate absorption samples however 

should only be lightly coloured and care must be put into stopping filtration as soon as 

the desired level of coloration is achieved. When the filtration is done, filters are carefully 

transferred to a cryovial, and stored in a freezer. Note that different variables use the 

same type of filters, but some filters need to be pre-combusted. The person processing 

the water samples in this whole section (13.2) is P2 (person 2). 

 

NOTE: All filtration with the vacuum pump should be done with 8 inches of mercury or 

less (outer scale of the right manometer of the Gast pump) 

13.2.2 Equipment and supplies 

Table 13.2 summarizes all the samples as well as blanks taken, and indicates additives 

and appropriate storage conditions. Figure 13.2 shows the consumables needed for the 

particulates on filter samples. 
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Table 13.2 Summary of particulates on filter samples from afternoon sampling, volume of water 
filtered per sample type, and storage. Equipment, personal equipment and particular precautions 
are also indicated. 

Consumables 

  

Volume (ml) 

 

Mobile 

lab/transport 

 

 

Freezer (-80°C) 

 

 

Freezer (-80°C) 

 

 

 

Freezer (-80°C) 

 

 

 

Freezer (-20°C) 

Epi 

2 

2 

 

2 

 

2 

 

2 

 

2 

 

‡‡3 

 

‡‡3 

Hypo 

 

Blk 

1 

1 

 

‡1 

 

1 

 

1 

 

1 

 

‡‡1 

 

‡‡1 

 

Particulate absorption filters (GF/F, 25 mm) 

Particulate absorption - petri dish (to store 

filter)  

Chlorophyll a filters (non pre-combusted 

GF/F, ‡25 mm‡) 

Chlorophyll a cryovial (non-sterile, 2 ml) + 

aluminum foil 

HPLC filters (non pre-combusted GF/F, 25 

mm) 

HPLC cryovial (non-sterile, 2 ml) + aluminum 

foil 

TSS filters (pre-combusted and pre-weighted 

GF/F, 47 mm) 

TSS - aluminum foil (to store filter) 

 

See table 13.3  

 

 

Nearly clogged, 

up to 500 

 

 

Nearly clogged  

 

 

 

Nearly clogged  

 

# 

2 

4 

 

2 

1 

1 

1 

6 

1 

2 

1 

 

Equipment (non-consumables) 

Plastic filtering apparatuses 47 mm (2 pieces: graduated top funnel, base)  

Plastic filtering apparatuses 25 mm (3 pieces: graduated top funnel, support 

screen, base) 

Four-head filtering ramp 

Vacuum pump* - 8 inches of Hg max 

Vacuum carboy** - watch so that it doesn’t overflow 

Set of tubing (connects pump with filtering ramp and vacuum carboy) 

Plastic graduated cylinder 500 ml  

Nitex mesh 100 µm mounted on cylinder 

Forceps 

Carboy (5 L) - containing sampled lake water 

Squirt bottle - DI water 

Treatment 

Acid-wash 

Acid-wash 

 

Run 5 min 

 

Acid-wash 

Acid-wash 

Ethanol 

Acid-wash 

Refill 

Acid-wash 

 

Personal equipment 

 Nitrile gloves 

 

Particular precautions 

Wear nitrile gloves to prevent contamination of samples. 

Keep the carboys in the dark to prevent sun exposure (e.g. garbage bag), store in cooler with 

ice packs. 

Work in the dark, with a green table light not pointing directly at your work station. 

‡In 2017, no blanks were performed for chl a samples. In 2018 and 2019, blanks were performed for chl a 

samples. In 2017, chl a sample was done using a 47 mm filter. In 2018 and 2019, chl a was done using a 25 

mm filter. 



 

103 

 

‡‡In 2017, two TSS filters were done per lake, and no blanks were performed. In 2018, two TSS filters were 

done per lake, and one blank per six lakes was performed. In 2019, three TSS filters were done per lake, 

and one blank per three lakes was performed. 

 

Figure 13.2 ‡Consumables‡ and their respective labels for the particulates on filter – index site 
afternoon sampling. 

‡In 2017 and 2018, two TSS filters were done per lake. In 2019, three TSS filters were done. 

13.2.3 Blanks – particulates on filter 

Blanks are typically done in one lake out of six. The detailed itinerary indicates lakes 

where blanks are done. Use deionized water instead of lake water for blanks. Refer to 

section 7.4.3 for details about the treatment of the equipment and material for blanks. 

Figure 13.3 shows the consumables needed for the particulates on filter - blanks 

(afternoon samples). The deionized water carboy is needed for the blanks, as well as the 

following labware:  

 plastic graduated cylinder, rinsed 4 times with DI water 

 filtration unit (25 mm), rinsed 4 times with DI water 

 1 plastic filtration unit (47 mm), rinsed 4 times with DI water 

 Foreceps 
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Figure 13.3 ‡Consumables‡ and their respective labels for the particulates on filter samples  

‡In 2017, two TSS filters were done per lake, and no blanks were performed. In 2018, two TSS filters were 

done per lake, and one blank per six lakes was performed. In 2019, three TSS filters were done per lake, 

and one blank per three lakes was performed. 

13.2.3.1 Blanks - PABS (Particulate absorption) 

Filtration apparatus: plastic 25 mm  

Filter: 25 mm not pre-combusted 

 

1. Rinse a graduated cylinder and a 25 mm plastic filtration head 3 times with DI 

water. 

2. Fill the graduated cylinder with ~300 ml of DI water. 

3. Put a 25 mm GF/F filter (not pre-combusted) on the 25 mm plastic filtration unit. 

4. Rinse the sides of the cup of the filtering head with at least 10 ml of DI water to 

wet the filters, open the manifold valve. 

5. Filter all the rinsing water but keep filter wet by closing the manifold valve as 

soon as this is done. 

6. Pour gradually 300 ml of DI water from the graduated cylinder in the head.  

7. Open manifold, keep the pressure under 8 inches of mercury, and do not let the 

filter run dry. 

8. Close the manifold valve to remove the filter. Note the final volume filtered in the 

electronic form. 

9. Remove the filter and store: put filter in labelled petri dish, wrap in foil, label again 

on top of the foil with electrical tape, put in IDed Ziploc freezer bag and store in 

the -80°C freezer. 
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13.2.3.2 Blanks - TSS (Total Suspended Solids) 

Filtration apparatus: plastic 47 mm 

Filter: 47 mm GF/F pre-combusted and pre-weighed 

 

1. ‡Fill the plastic graduated cylinder with 500 ml of DI water, pre-filtering through 

the Nitex mesh‡. 

2. Put a 47 mm pre-combusted and pre-weighed GF/F filter on a 47 mm plastic 

filtration unit. Note the weight of the filter as identified on the foil on top of the 

filter in the box and enter it in the electronic form. Keep the foil with the weight in 

front of the filtration unit. 

3. Rinse the sides of the cup of the filtering head with at least 10 ml of DI water to 

wet the filters, open the manifold valve. 

4. Filter all the rinsing water but keep filter wetted by closing the manifold valve as 

soon as this is done. 

5. Pour ∽ 300 ml of DI water in the filtration funnel. 

6. Open manifold valve, keep the pressure under 8 inches of mercury, and do not 

let the filter run dry (closing the manifold as soon as desired volume of water is 

filtered). 

7. Continue pouring pre-filtered (Nitex) DI water until 500 ml of DI water has passed 

through the filter. 

8. Close the manifold valve and remove filter. Rinse sides of the filter cup with DI 

water. All overlying water must be removed but the filter needs to remain wet. 

Note the final volume filtered for each sample in the electronic form. 

9. Remove filter and store: fold filter in two and wrap in foil, re-label the foil, put in 

IDed Ziploc bag and store rapidly in the -20°C freezer. 
‡In 2017, two TSS filters were done per lake, and no blanks were performed. In 2018, two TSS filters were 

done per lake, and one blank per six lakes was performed. In 2019, three TSS filters were done per lake, 

and one blank per three lakes was performed. 

13.2.4 PABS (Particulate absorption) 

Filtration apparatus: plastic 25 mm 

Filter: 25 mm GF/F not pre-combusted 

 

1. Gently mix the carboy A. 

2. Rinse the graduated cylinders with raw lake water 3 times. 

3. Fill graduated cylinder according to Table 13.3. 

4. Put a 25 mm GF/F filter (not pre-combusted) on the 25 mm plastic filtration unit. 

5. Rinse the sides of the cup of the filtering head with at least 10 ml of DI water to 

wet the filters, open the manifold valve. 

6. Filter all the rinsing water but keep filter wet by closing the manifold valve as 

soon as this is done. 

7. Pour a small volume of sample water from the graduated cylinder in the head.  
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8. Open manifold, keep the pressure under 8 inches of mercury, and do not let the 

filter run dry (closing the manifold as soon as desired volume of water is filtered). 

9. Continue pouring raw lake water until you reach the volume indicated in Table 

13.3 or when you see a light coloration on the filter in the range between the A 

and B pictures (Fig 13.4) 

10. Close the manifold to remove the filter once the desired coloration has been 

achieved. Rinse sides of the filter cup with DI water. All overlying water must be 

removed but filters need to remain wetted. Note the final volume filtered in the 

electronic form. 

11. Remove filter and store: put filter in labelled petri dish, wrap in foil, label again on 

top of the foil with electrical tape, put in IDed bag and store in the -80°C freezer. 

12. Repeat procedure for the ‘’B’’ sample. 
 

Table 13.3 Volume of epilimnetic lake water to filter for particulate absorption according to secchi 
depth.  

Secchi depth (m) 
   

Volume to filter for part. absorption (ml)  
  

<1 
   

100 
  

1 - 2.5 
   

150 
  

2.5 - 3 
   

200 
  

3 - 6 
   

350 
  

> 6 
   

500 
  

 

 

Figure 13.4 Coloration of Particulate absorption filters A) light coloration and B) strong coloration. 
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13.2.5 CHLA_PM (Chlorophyll a - afternoon) 

Filtration apparatus: plastic 47 mm 

Filter: 47 mm GF/F not pre-combusted 

 

1. Gently mix carboy A. 

2. Fill the graduated cylinder with 200 ml of raw lake water. 

3. Put a ‡25 mm‡ non pre-combusted GF/F filter on a plastic filtration unit. 

4. Rinse the sides of the cup of the filtering head with at least 10 ml of DI water to 

wet the filters, open the manifold valve. 

5. Filter all the rinsing water but keep filter wetted by closing the manifold valve as 

soon as this is done. 

6. Pour ∽ 100 ml of raw lake water over the filter (except in hypereutrophic lakes 

with extreme biomasses, pour the water gradually). 

7. Open manifold valve, keep the pressure under 8 inches of mercury, and do not 

let the filter run dry (closing the manifold as soon as desired volume of water is 

filtered). 

8. Continue pouring raw lake water until the filter is nearly clogged. 

9. Close the manifold valve and remove filter once the desired coloration has been 

achieved. Rinse sides of the filter cup with DI water. All overlying water must be 

removed but filter needs to remain wetted. Note the final volume filtered in the 

electronic form. 

10. Remove filter and store: fold filter and insert in identified non-sterile cryovial, 

wrap in foil, re-label with electrical tape, put in IDed bag and store in the -80°C 

freezer. 

11. Repeat procedure for the B carboy. 
‡In 2017, chl a sample was done using a 47 mm filter. In 2018 and 2019, chl a was done using a 25 mm 

filter. 

13.2.6 HPLC (pigments) 

Filtration apparatus: plastic 25 mm 

Filter: 25 mm GF/F not pre-combusted 

 

1. Gently mix carboy A. 

2. Fill graduated cylinder with 500 ml of raw lake water. 

3. Put a 25 mm non pre-combusted GF/F filter on a 25 mm plastic filtration unit. 

4. Rinse the sides of the cup of the filtering head with at least 10 ml of DI water to 

wet the filters, open the manifold valve. 

5. Filter all the rinsing water but keep filter wetted by closing the manifold valve as 

soon as this is done. 

6. Pour ∽ 300 ml of raw lake water over the filter (except in hypereutrophic lakes 

with extreme biomasses, pour the water very gradually). 
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7. Open manifold valve, keep the pressure under 8 inches of mercury, and do not 

let the filter run dry (closing the manifold as soon as desired volume of water is 

filtered). 

8. Continue pouring raw lake water until the filter is nearly clogged. 

9. If you use all the water from one cylinder make note of it before refilling it (it can 

be easy to lose track of how much water was used). 

10. Once que desired coloration is obtained, close the manifold valve and remove 

filter. Rinse sides of the filter cup with DI water. All overlying water must be 

removed but filter needs to remain wetted. Note the final volume filtered in the 

electronic form. 

11. Remove filters and store: fold filter and insert in identified non-sterile cryovial, 

wrap in foil, re-label with electrical tape, put in IDed bag and store in the -80°C 

freezer. 

12. Repeat procedure for the B carboy. 

13.2.7 TSS (Total suspended solids) 

Filtration apparatus: plastic 47 mm 

Filter: 47 mm GF/F pre-combusted and pre-weighed 

 

10. Gently mix carboy A. 

11. Fill graduated cylinder with 500 ml of raw lake water, pre-filtering through the 

Nitex mesh. 

12. Put a 47 mm pre-combusted and pre-weighed GF/F filter on a 47 mm plastic 

filtration unit. Note the weight of the filter as identified on the foil on top of the 

filter in the box and enter it in the electronic form. Keep the foil with the weight in 

front of the tower. 

13. Rinse the sides of the cup of the filtering head with at least 10 ml of DI water to 

wet the filters, open the manifold valve. 

14. Filter all the rinsing water but keep filter wetted by closing the manifold valve as 

soon as this is done. 

15. Pour ∽ 300 ml of raw lake water over the filter (except in hypereutrophic lakes 

with extreme biomasses, pour the water very gradually). 

16. Open manifold valve, keep the pressure under 8 inches of mercury, and do not 

let the filter run dry (closing the manifold as soon as desired volume of water is 

filtered). 

17. Continue pouring pre-filtered (Nitex) lake water until the filter is nearly clogged. 

18. If you use all the water from one cylinder make note of it before refilling it (it can 

be easy to lose track of how much water was used). 

19. Close the manifold valve and remove filter. Rinse sides of the filter cup with DI 

water. All overlying water must be removed but filter needs to remain wet. Note 

the final volume filtered for each sample in the electronic form. 

20. Remove filter and store: fold filter in two and wrap in foil, label the foil, put in IDed 

Ziploc bag and store rapidly in the -20°C freezer. 
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21. Repeat procedure for the B carboy, ‡twice, for a total of three TSS samples‡. 
‡In 2017, two TSS filters were done per lake, and no blanks were performed. In 2018, two TSS filters were 

done per lake, and one blank per six lakes was performed. In 2019, three TSS filters were done per lake, 

and one blank per three lakes was performed. 

14 Sediment Core Processing (in the mobile lab) 

14.1 Summary of Method 

Once sediment cores have been retrieved, the extrusion is to be performed back on 

shore. The top and bottom of each core are be sectioned using a vertical extruder. For at 

least one of the top-bottom pairs, clean techniques are used to subsample sediment 

destined for paleogenetics and mercury analyses. The results are used to assess 

current and past conditions of biological assemblages as well as mercury concentrations 

across the nation. As many of the bottom core sample as possible will be dated (using 

lead-210) to allow investigators to ascertain that the sediment represents pre-industrial 

conditions (at least pre-1880). A third core is collected for contaminants in the uppermost 

4 cm. In addition, a full sediment core is collected by each team on the last day of the 

weekly rotation (just prior to shipping day) and is packed whole such that is extruded 

back at a university lab. 

 

NB. When labelling Whirlpak bags, be sure to dry the surface of the bag well, use a thick 

permanent marker, and as a precaution, label BOTH sides of the bag with full 

information. The ink tends to be harder to read over time.  

14.2 Equipment and Supplies 

The equipment required to proceed with the extrusion of the sediment cores is detailed 

in Table 14.1, while consumables and their respective label in Figure 14.1. The setup for 

the extrusion is shown in Figure 14.2. 

 

Table 14.1 Summary of index site afternoon filtered water samples, volume of water filtered per 
sample type, and storage. Equipment, personal protection equipment and particular precautions 
are also indicated. 

# Consumables Mobile 

lab/transport 

 

1 

3 

3 

1 

1 

Sampling kit for P1 

Sterile syringe 5 ml 

Pre-weighed sterile centrifuge tube 5 ml in individual Ziploc 

Pre-weighed sterile specimen container 60 ml in an individual Ziploc 

Sterile spatula 

Sterile Whirlpak 

 

 

Freezer (-20°C) 

Freezer (-20°C) 

 

Freezer (-20°C) 

 Sampling kit for P2  
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4 Sterile Whirlpak Refrigerator (4°C) 

 

2 

Sampling kit for P3 

Sterile Whirlpak 

 

Freezer (-20°C) 

 

# Equipment (non-consumables) Treatment 

1 

1 

1 

7 

1 

 

1 

1 

1 

1 

1 

3 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

Core extruding funnel 

Extruding rod + extruding disk + barrel stabilizer disk + adjuster disk 

Base for extruding rod 

10 mm spacers 

Squirt bottle - Filtered lake water (from the same lake, filtered through 

the filtration head - to collect from the vacuum carboy) 

Bucket with lake water 

Cooler with ice packs 

Yellow plastic spatula 

Yellow plastic spatula for bottom sediment intervals  

Box of Kim Wipes 

Spare sterile spatulas 

Syringe + hose (for sucking water out) 

Toothbrush (to clean core plugs) 

Rag 

Core tube brush 

Permanent marker 

Small orange bucket (to dispose of unwanted sediments) 

Zorbitrol (for P4 only) 

Sterile spoon for Zorbitrol (for P4 only) 

Bubble wrap (for P4 only) 

Hacksaw (for P4 only) 

Duct tape (for P4 only) 

Rinse 

Rinse 

 

Rinse 

Rinse 

 

Empty 

 

Rinse 

Rinse 

 

 

Acid wash + DI   

 

 

 

 

 

 

Personal equipment 

 Nitrile gloves - multiple pairs 

 

Particular precautions 

Wear nitrile gloves to prevent contamination of samples. Change gloves regularly: between top 

and bottom samples and between the different cores. 

Install the Extruding station in the shade to prevent sunlight exposure. 
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Figure 14.1 Consumables with their respective labels for the sediment core extrusion.  
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 Figure 14.2 Extruding set up for NLA gravity cores by Aquatic Research Instruments. 

14.3 Preparation for the sediment Core Processing 

Proceed with the sediment core extrusion shortly after coming back to shore. Proceed in 

the shade.  
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Ezocone Ecozone code Aimed core length (cm) 

Taiga plains 04 22 

Boreal Shield 06 32 

Atlantic Maritimes 07 32 

Boreal Plains 09 47 

Prairies 10 47 

Montane Cordillera 11 32 

Pacific Maritimes 12 32 

Boreal Cordillera 13 22 

Taiga Cordillera 14 22 

Semi-arid Plateaux 18 47 

 

Figure 14.3 Decision tree for the P1 and P2 sediment cores under three scenarios. The bottom 
part of the figure indicates the aimed length of each ecozone (the decision tree indicates 32 cm 
as the aimed length, replace by the length indicated in the bottom part of the figure for the 
ecozone where sampling). 
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Table 14.2. Summary table of sampling intervals, needed materials, sequence of sampling (from 

top to bottom) 

Sampling 

intervals 

P1 (all in the -20oC freezer) P2 (all in the 4oC 

fridge) 

P3 (all in the -20oC freezer) 

0-1 cm 1. With sterile syringe, suck up 5 

ml of sediment from centre of 

core and release contents into 

sterile 5 ml centrifuge tube, put 

the tube in an individual Ziploc 

bag. 

2. With the sterile syringe used 

in step 1, suck up 1.5 ml of 

sediment and release content into 

a sterile 5 ml centrifuge tube. 

Wrap the tube in foil and put in an 

individual Ziploc bag. 

3. Extrude the rest of the interval 

with a yellow reusable spatula* 

into the 60 ml sterile container, 

put the container in an individual 

Ziploc bag. 

Using a yellow 

reusable spatula*, 

transfer all of the 

contents into a 

Whirlpak bag. 

Using a yellow reusable 

spatula*, transfer all the 

contents of the top 0-2 cm 

into a first Whirlpak bag and 

2-4 cm into a second 

Whirlpak bag. 

 

1-2 cm With a yellow reusable spatula*, 

extrude the entire sample into a 

60 ml sterile container. Put the 

container in an individual Ziploc 

bag. 

Using a yellow 

reusable spatula*, 

transfer all of the 

contents into a 

Whirlpak bag. 

First bottom 1 

cm interval 

i.e. (X-4)-(X-3) 

cm** 

1. Using 2 sterile spatulas, 

scoop up approx. 5 ml worth of 

sediment from the middle of the 

core and place in a 5 ml sterile 

centrifuge tube. Put the tube in an 

individual Ziploc bag. 

2. With a yellow reusable 

spatula*, extrude the rest of the 

interval into the 60 ml sterile 

container. Put the container in an 

individual Ziploc bag. 

Using a yellow 

reusable spatula*, 

transfer all of the 

contents into a 

Whirlpak bag. 

Second 

bottom 1 cm 

interval i.e. (X-

3)-(X-2) cm 

Using a yellow reusable 

spatula*, transfer all of the 

contents into a Whirlpak bag 

Using a yellow 

reusable spatula*, 

transfer all of the 

contents into a 

Whirlpak bag. 

* Important note: the yellow reusable spatula should be rinsed with filtered lake water (from the 
same lake) and wiped with a Kimwipe between each use. 
** “X” is the length of the sediment core. 
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Record the Lake ID, date, core ID (P1, P2 or P3) and collection intervals on sediment 

core sample Whirlpaks. Other containers (5 ml centrifuge tubes and 60 ml specimen 

cups) have pre-made labels. The 5 ml centrifuge tube containing 1.5 ml of sediments 

from P1 for pigment analyses has two labels: one to put directly on the tube, which is 

then be wrapped in aluminum foil, and the second should be placed on the Ziploc bag. 

 

Prepare containers according to the table above and label with the appropriate sample 

depth, core ID, Lake ID and date – however, do not remove containers from the clean 

sampling kit until you are ready for them. 

P1 

 2 x 5 ml sterile syringe (0-1 cm & (X-4)-(X-3) cm for paleogenetics) 

 2 x 5 ml sterile centrifuge tube (0-1 cm & (X-4 - X-3) cm) 

 1 x 5 ml sterile centrifuge tube (0-1 cm for pigments) 

 3 x 60 ml sterile containers (0-1 cm, 1-2 cm & (X-4)-(X-3) cm for mercury, 

zooplankton and diatoms)  

 Whirlpak with (X-3-to X-2) cm label 

P2 

 4 x Whirlpaks (0-1 cm, 1-2 cm, - wait to label bottom intervals as it depends if 

core is long enough (x-4 to x-3) cm, (x-3-to x-2) cm) 

P3 

 2 x Whirlpaks (0-2 cm, 2-4 cm) 

14.4 Extruding P1 using clean techniques 

IMPORTANT: only handle sterile containers and spatulas with clean gloved hands, and 

keep the containers in the provided plastic bags whenever possible. Work in teams of 

two where one person has the clean hands for opening and closing vials – the other 

handles the mud. If gloves need to be rinsed or washed, use filtered lake water (from the 

vacuum carboy in the filtration apparatus). Avoid sediment cross contamination and 

rinse sampling equipment and gloves (if needed) between samples, especially for 

paleogenetic work (P1). Paleogenetic work is emphasized here as some amplification 

techniques (e.g., PCR) amplifies DNA contaminants; this is not a concern for mercury 

analyses. 

 

1. The sterile “sampling kit” for each sediment sample is provided in a resealable 

plastic bag. Do not open the bag until you are ready to collect the sediment sample, 

and make sure that the contents of the kit do not come into contact with anything 

other than the sediment sample. 

2. Position the extruder under the corer tube plug at the base of the coring tube. 

Supporting both the core tube and the extruder in a vertical position, slowly lower 

the coring tube onto the extruder until the sediment is approximately 3 cm below the 

top of the tube. 
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3. Each member of the extruding pair should put on clean pair of gloves. Carefully 

remove the water above the sediment core by using a syringe with tube so that the 

surface sediments are not disturbed. 

4. Once excess water is removed, use 5 ml sterile syringe to suck up 5 ml of 

sediments from the centre of the core (taking only surface sediments) and place 

this sample into a 5 ml sterile centrifuge tube. Make sure to take sediments, and not 

only water. Fill the tubes up to the 5 ml mark only to allow expansion during 

freezing. Recap the tube and place the centrifuge tube back into its bag.  

5. With the sterile syringe used above, suck up 1.5 ml of surface sediment and place 

this sample into a 5 ml sterile centrifuge tube. Close the tube very tightly, label the 

tube, wrap in foil and place in an individual Ziploc, label the Ziploc bag (identical to 

the label on the tube). 

6. Pre-rinse the sectioning stage and tube with filtered lake water (from squirt bottle). 

The filtered lake water should be from the same lake (ask the lab subteam to fill 

your squirt bottles every day when performing the filtrations). Dry with a kimwipe 

and then place it onto the top of the coring tube. Place the Plexiglas sectioning tube 

(marked with a line 1 cm from the bottom) on the stage directly over the coring tube. 

Slowly extrude the sediment core into the sectioning tube until the top of the 

sediment reaches the 1 cm line on the sectioning tube. Slide the sectioning tube 

onto the flat part of the stage and scrape the top 1 cm section of sediment into the 

60 ml sterile container labeled P1 0-1 cm interval (a clean reusable plastic spatula 

may be used to aid in transferring the sample to the container). Note: When placing 

the sectioning stage on the coring tube, slowly lower the core tube + sectioning 

stage until the top of the sectioning stage is perfectly aligned with the sediment-

water interface, which represents 0 cm. The 0-1 cm interval may contain excess 

water, but it is important to get a significant amount of sediments. 

7. Recap 60 ml sterile container (now with sample) and return to its bag. 

8. Remove sectioning tube and extruder tray, rinse these + putty knife (as well as 

extrude team person`s gloved hands) with filtered lake water with squirt bottle to 

remove any sediments. Then wipe sectioning tube and extruder tray dry with Kim 

wipes. 

9. Return the extruding tray to the core tube. Place the Plexiglas sectioning tube 

(marked with a line 1 cm from the bottom) on the stage directly over the coring tube. 

Slowly extrude the sediment core into the sectioning tube until the top of the 

sediment reaches the 1 cm line on the sectioning tube. Slide the sectioning tube 

onto the flat part of the stage and scrape the top 1 cm section of sediment into the 

60 ml sterile container labeled P1 1-2 cm interval (a clean reusable plastic spatula 

may be used to aid in transferring the sample to the container). 

10. Recap 60 ml sterile container (now with sample), label and return it to its bag. 

11. Remove sectioning tube and lower core down 5 cm at a time and scrape off with 

putty knife, discarding lake mud from these non-target samples into a 

bucket.  Repeat until you are at the depth assigned to be 1 cm above the first 

bottom interval. 
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12. Remove sectioning tube and extruder tray, rinse these + putty knife (as well as 

extrude team person`s gloved hands) with filtered lake water with squirt bottle to 

remove any sediments. Then wipe sectioning tube and extruder tray dry with Kim 

wipes. 

13. Return the extruding tray to the core tube. Place the plexiglas sectioning tube on the 

stage directly over the coring tube, and raise the core tube by 1 cm above the first 

target bottom depth and discard contents into waste bucket. 

14. Remove sectioning tube and extruder tray rinse these with (as well as extruder team 

person’s gloved hands) with lake water with squirt bottle to remove any sediments. 

Then wipe all materials dry with Kim wipes. 

15. Return the extruding tray to the core tube, place sectioning stage on extruding tray 

but beside hole (NOT OVER IT) to use as a 1 cm marker. Raise the core tube by 1 

cm to expose first target bottom sample. 

16. Using sterile spatula, scoop out 5 ml worth of sediment from the centre of the core 

and place in sterile 5 ml centrifuge vial & check label – you may need a second 

sterile spatula to transfer the sample into the tube.  Seal, label and place vial back 

into its Ziploc bag. 

17. Scrape off remaining 1 cm sample and place in 60 ml sterile container and label. 

Seal the container and return it to its Ziploc bag. 

18. Wipe extruding tray down with Kimwipes and then raise the core another 1 cm to 

expose the second bottom interval. 

19. After rinsing putty knife with lake water and wiping dry with Kimwipe, use putty knife 

to scrape entire sample into a Whirlpak bag (labeled with sample depth, core ID, 

Lake ID and date). 

20. Refer to Figure 14.4 for the summary of subsamples for P1. 

21. For ecozones 04, 13 and 14, we collect more samples. Here are all the samples 

collected in those ecozones:  

- 0 – 1 cm: one 5 ml tube, one 1.5 ml sample in a 5 ml tube and the rest of 

the interval in a specimen cup 

- 1 – 2 cm: whole interval in a specimen cup 

- 18 – 19 cm: one 5 ml tube and the rest of the interval in a specimen cup 

- 19 – 20 cm: whole interval in a Whirlpak 

- (X-3) – (X-2) cm: one 5 ml tube and the rest of the interval in a Whirlpak 
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Figure 14.4 Extrusion of P1, when two retrieved cores are longer than the expected length. 

14.5 Extruding P2 

1. Position the extruder under the core tube plug at the base of the coring tube. 

Supporting both the core tube and the extruder in a vertical position, slowly lower 

the coring tube onto the extruder until the sediment is approximately 3 cm below the 

top of the tube. 

2. Put on new pair of gloves. Remove the water above the sediment core by using a 

syringe with tube so that the surface sediments are not disturbed. 

3. Pre-rinse the sectioning stage and tube with filtered lake water (from squirt bottle). 

The filtered lake water should be from the same lake (ask the lab subteam to fill 

your squirt bottles every day when performing the filtrations). Wipe dry with 

Kimwipes. Then place it onto the top of the coring tube. Place the plexiglas 

sectioning tube (marked with a line 1 cm from the bottom) on the stage directly over 

the coring tube. 

4. Slowly extrude the sediment core into the sectioning tube until the top of the 

sediment reaches the 1 cm line on the sectioning tube. Slide the sectioning tube 

onto the flat part of the stage and scrape the top 1 cm section of sediment into a 

Whirlpak bag labeled 0-1 cm (label includes sample depth, core ID, Lake ID and 

date) (the cleaned reusable putty knife may be used to aid in transferring the sample 

to the container). 

5. Remove sectioning tube and extruder tray and rinse these (as well as extruding 

person’s gloved hands and putty knife) with filtered lake water using the squirt bottle 

to remove any sediments. Then wipe sectioning tube, putty knife and extruder tray 

dry with Kimwipes. 
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6. Return the extruding tray to the core tube. Place the Plexiglas sectioning tube on the 

stage directly over the coring tube, and raise the core tube by 1 cm to expose 1-2 

cm interval. 

7. Slide sectioning tube across extruding tray to scrape 1-2 cm sample into a Whirlpak 

bag (labeled with sample depth, core ID, Lake ID and date). 

8. Remove sectioning tube and lower core down 5 cm at a time and scrape off with 

putty knife, discarding lake mud from these non-target samples into a 

bucket.  Repeat until you are at the depth assigned to be 1 cm above the first 

bottom interval. 

9. Remove sectioning tube and extruder tray and rinse these (as well as extruding 

team person`s gloved hands and putty knife) with filtered lake water using the squirt 

bottle to remove any sediments. Then wipe sectioning tube, putty knife and extruder 

tray dry with Kimwipes. 

10. Return the extruding tray to the core tube. Place the Plexiglas sectioning tube on the 

stage directly over the coring tube, and raise the core tube by 1 cm above the first 

target bottom depth and discard contents into waste bucket. 

11. Remove sectioning tube and extruder tray and rinse these (as well as extruding 

team person`s gloved hands and putty knife) with filtered lake water using the squirt 

bottle to remove any sediments. Then wipe sectioning tube, putty knife and extruder 

tray dry with Kimwipes. 

12. Return the extruding tray to the core tube. Place the plexiglas sectioning tube on the 

stage directly over the coring tube, and raise the core tube by 1 cm to expose first 

target bottom sample. 

13. Slide sectioning tube across extruding tray to scrape the X-4 to X-3 cm sample into 

a Whirlpak bag (labeled with sample depth, core ID, Lake ID and date). 

14. Remove sectioning tube and extruder tray and rinse these (as well as extruding 

team person`s gloved hands and putty knife) with filtered lake water using the squirt 

bottle to remove any sediments. Then wipe sectioning tube, putty knife and extruder 

tray dry with Kimwipes. 

15. Return the extruding tray to the core tube. Place the Plexiglas sectioning tube on the 

stage directly over the coring tube, and raise the core tube by 1 cm to expose X-3 to 

X-2 cm interval. 

16. Slide sectioning tube across extruding tray to scrape X-3 to X-2 cm sample into a 

Whirlpak bag (labeled with sample depth, core ID, Lake ID and date). 

17. Refer to Figure 14.5 for the summary of subsamples for P2. 

18. For ecozones 04, 13 and 14, the collected samples are:  

- 0 – 1 cm: whole interval in Whirlpak 

- 1 – 2 cm: whole interval in Whirlpak 

- 18 – 19 cm: whole interval in Whirlpak 

- 19 – 20 cm: whole interval in Whirlpak 
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Figure 14.5 Extrusion of P2, when two retrieved cores are longer than the expected length. 

14.6 Extruding P3 

1. Position the extruder under the core tube plug at the base of the coring tube. 

Supporting both the core tube and the extruder in a vertical position, slowly lower the 

coring tube onto the extruder until the sediment is approximately 3 cm below the top 

of the tube. 

2. Put on a new pair of gloves. Remove the water above the sediment core by using a 

syringe with tube so that the surface sediments are not disturbed. 

3. Pre-rinse the sectioning stage and tube with filtered lake water (from squirt bottle). 

The filtered lake water should be from the same lake (ask the lab subteam to fill your 

squirt bottles every day when performing the filtrations). Wipe dry with kimwipes. 

Then place it onto the top of the coring tube. Place the Plexiglas sectioning tube 

(marked with a line 2 cm from the bottom) on the stage directly over the coring tube.  

4. Slowly extrude the sediment core into the sectioning tube until the top of the sediment 

reaches the 2 cm line on the sectioning tube. Slide the sectioning tube onto the flat 

part of the stage and scrape the top 2 cm section of sediment into a Whirlpak bag 

labeled 0-2 cm (label includes sample depth, core ID, Lake ID and date) (the cleaned 

reusable putty knife may be used to aid in transferring the sample to the container). 
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5. Repeat previous step with 2-4 cm interval. 

6. Discard remainder of core. 

7. Refer to Figure 14.6 for the summary of subsamples for P3. 

8. Extrusion of the P3 core is the same in all ecozones. 

 

 
Figure 14.6 Extrusion of P4 

14.7 Packing up & cleaning up 

1. Double check all labels. Ensure that 2 x 5 ml centrifuge tube samples are returned to 

their own separate Ziploc. Ensure that the 3x 60 ml specimen container are returned 

to their own separate Ziploc. For all of these samples + the Whirlpak from the (X-3) to 

(X-2), place in a Ziploc labeled with the Lake ID and Gregory-Eaves lab, then place in 

the -20oC freezer. 

2. Ensure that each 5 ml tubes are in their own ziploc bag – the 5 ml tube that contains 

1.5 ml of sediments from the 0-1 cm interval of P1 needs to be wrapped in aluminum 

foil to prevent light exposure, then re-laballed. Store in the -20oC freezer.  

3. Take all Whirlpaks with sediment samples from P2 and place these in a second 

Ziploc with the lake ID, the core number and the depth interval. Store in the 

refrigerator. 

4. Take all Whirlpaks with sediment samples from P3 and place these in a second 

Ziploc with the Lake ID, the core number and the depth interval. Store in the -20oC 

freezer. 
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5. Take all coring and extruding instruments to the lake and clean off any sediment. You 

can do a first wash with lake water, then rinse with filtered lake water. 

6. Once back at base camp, clean core sampler, core plugs, sectioning apparatus, and 

siphon thoroughly with tap water and bottle brush. 

14.8 Preparation of P4 (in one lake out of 6) 

It is recommended to start processing this core before starting the extrusion of the other 

sediments cores as you may need to add more Zorbitrol after approximately 30 minutes. 

 

1. Place a piece of masking tape a few cm above the sediment surface and label: Lake 

ID, core number, and date. Photograph the core and measure its length with a 

measuring tape. 

2. Position the extruder under the core tube plug at the base of the coring tube. 

Supporting both the core tube and the extruder in a vertical position, slowly lower 

the coring tube onto the extruder until the sediment is approximately 5-7 cm below 

the top of the tube. 

3. Remove about 1 cm of the water above the sediment core by using a syringe with 

tube so that the surface sediments are not disturbed. 

4. Using a sterile spoon, pour a FEW GRAINS of Zorbitrol in the core tube (very very 

little, less than ⅛ of teaspoon). The first dose will settle to the bottom of the water 

and solidify the sediment surface. Once you see this layer form, add gradually more 

Zorbitrol – about ½ teaspoon – and wait a bit for the water to jellify. The time 

required for jellification process varies with temperature, but is usually less than 30 

seconds. You can add a bit more – the transparent gel should have absorbed all the 

water and become completely solid, and then it is good to have a bit of white 

powder on the top as well. 

5. Let the Zorbitrol sit for about 30 minutes. Ensure that it is a thick jelly. Add more 

Zorbitrol if needed. 

6. Using a hacksaw, cut the core tube horizontally (cross-section) a few cm below the 

bottom core plug. 

7. Fill the void at the tube bottom and top with paper towel in order to ensure that the 

sediment cannot move during transport even if banged. If you were not able to cut 

the the tube with a hacksaw, fill the empty part of the core tube (above the paper 

towel) with a pool noodle. Then, put on a black rubber plumbing cap with a hose 

clamps at each end of the tube. Tighten the hose clamps. 

8. Go several times around each end cap with electrical tape. 

9. Mark the name of the lake/core with a sharpie directly on the core tube. Indicate the 

direction of top sediments. Twice. 

10. Wrap the core in aluminum foil. 

11. Wrap the core in a black garbage bag, taping it top and bottom with electrical tape. 

12. Put another piece of masking tape on the outside of the garbage bag with the 

lake/core name.  
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13. Store in a cooler with Ice packs and send the following day (shipping day) to 

Université de Sherbooke. 

15 Post sampling activities 

15.1 Equipment clean-up and check  

15.1.1 Decontamination to prevent movement of invasive species 

All equipment, with emphasis on nets, boat and trailer must be inspected and cleaned of 

any plant or animal material. This is in order to minimize the risk of introducing invasive 

species such as the Eurasian watermilfoil (Myriophyllum spicatum) and zebra mussels 

(Dreissena polymorpha). 

 

When possible, sampling routes are planned to transit from areas less susceptible to be 

contaminated to lakes susceptible to contamination and finally lakes known to be 

contaminated. This complements the following cleaning scheme. 

 

Here are the five steps to follow: 

1. Inspect: inspect the boat, trailer, any other equipment as well as clothing and 

remove the mud, macrophytes, debris or animals that are visible before leaving 

the lake. You can dispose of these in a garbage bin, or at a great distance of the 

water body and sewage system in order to prevent the organisms from returning 

to the water body. 

2. Remove: Remove all the water in the boat, including residual water in the motor, 

coolers or the hold before leaving the lake. 

3. Clean: This should be done as far as possible from the water body to limit 

contamination with cleaning products. Clean the boat, the motor and any other 

equipment that has been in contact with the lake water. Spray 5% vinegar (as 

sold in grocery stores) and scrub with a sturdy brush. You may use a pressure 

washer if you have access to one. For lakes in regions where invasives are 

known to be found, before visiting an upstream lake, or if it is not be possible to 

dry the materials  supplementary precautions can be taken by washing with a 

bleach solution (1:10 parts water) or vinegar solution at 50°C. Dispose of non-

used bleach solution in sewage system. In lakes with cyanobacteria blooms, use 

a blech solution (1:10 parts water). 

4. Dry: Whenever possible, let washed objects dry in the sun. Zooplankton nets 

should however not be left in the sun, and these should be dried in a dark place. 

It is important to dry the zooplankton nets, ropes and any other equipment that 

absorbs water to prevent rotting. In case of rain, the zooplankton net should be 

hung in the motel/hotel room or in the truck. 

 

Follow steps 1 to 5 above for the following equipment: 

- Boat 
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- Motor 

- Oars 

- Anchors 

- Sediment corer 

- Van Dorn water sampler 

- Optical instruments (do not scrub sensor, be gentle with these 

instruments) 

- Zooplankton net 

- Secchi disk 

- RBR multisonde 

15.2 Drying of equipment 

The following equipment needs to be dried, preferably in the shade to prevent damage 

from UV rays: 

- Personal floatation devices 

- Kestrel instrument (sometimes gets humidity) 

- Dissolved gases and CH4 bubbling dry and wet syringes, hydrophobic 

filters, and stopcocks 

- Zooplankton net 

15.3 Acid washing  

CAUTION: Wear safety glasses, lab coat and other protective apparel when working 

with acid. Make sure the other teammates know you are doing the acid bath and that 

they do not come close. 

 

1. Bring the acid batch close to the table in the mobile laboratory. Open the acid 

bath and put the metal ring on the table to prevent acid splashes. 

2. Sampling tube: make sure one valve is closed, put a Ziploc bag over it and 

secure it to the tube with an elastic band. Open the other valve, fill a plastic 

beaker and pour ~ 1 L of acid into the sampling tube. Close the top valve, put a 

Ziploc over it and secure with an elastic band to prevent leaks during transport. 

Shake the tube so the acid comes in contact with all inside surfaces. 

3. Epilimnion and hypolimnion carboys: take a plastic beaker and transfer ~1 L of 

acid into each carboy. Close the lid and shake several times. 

4. Small plastic labware (filtration units, filtration syringes, nitex mesh): put all the 

small items that sink inside the mesh laundry bag. This makes it much easier to 

remove those items from the acid bath on the following morning.  

5. Plastic graduated cylinder: use a plastic beaker to transfer ~ 500 ml of acid into 

each graduated cylinder. 

6. Plastic beaker: add in the acid bath, making sure there is acid inside them. 

7. Glass labware: do not put in the acid bath for transportation as they may break. 

Those items are acid-washed for ~30 min in the morning at the sampling site 

(section 7.4). 
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16 Evening activities 

16.1 Checkout 

It is extremely important that each team check outs on the LakePulse Slack #team 

channel to inform the coordination team that they are done sampling for the day and 

made it safe back to their accommodation. 

16.2 Charging electronics 

Plug in all electronic devices: 

 2 Ipads 

 Inreach device 

 Optical instruments 

 Portable computer for optics measurements 

 Deep cycle batteries 

 Depth finder (every ~ 3 days) 

 Walkie-talkies 

16.3 Other evening tasks 

Here are some additional tasks to do in the evening, to be shared among team 

members: 

 

 Fill the gas for the truck, the generator and boat motor 

 Put ice packs in the freezer 

 Submit all electronic forms 

 Calibrate the RBR multiparameter sonde 

 Read the upcoming field packets 

 Verify the upcoming lakes (access validated? Need to call a land 

owner/municipality for access?) 

 Verify the weather for the upcoming days 

 Collect the receipts and fill the expenses report 

 Repair any instrument that needs adjustment or repair 

 Plug in the freezers and incubator in a safe electric outlet (make sure the outlet 

still works when you turn off the lights) 

 

17 Occasional changes 

Some solutions or equipment need to be changed occasionally. 
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17.1 Bi-weekly changes 

17.1.1 P&G solution (for the PICO 1 and PICO 2 samples)  

The P&G solution is stored in the -80oC freezer. Every week, following shipping day, 

take one P&G solution tube out of the freezer and put it in the refrigerator (4oC). The 

P&G solution can be store for one week once in the refrigerator. After a week, write 

down ‘’used’’ on the tube and put it back in the -80oC freezer. Group all the used P&G 

solution tubes in a single Ziploc labelled ‘’Used P&G solution’’. 

17.1.2 Acid bath  

The content of the acid bath needs to be changed bi-weekly to ensure proper 

decontamination of the equipment that is acid-washed. 

17.1.2.1 Disposing of old acid bath 

The old acid should be transferred to empty plastic containers (empty vinegar or 

concentrated acid containers for example). Use a plastic beaker and a funnel to avoid 

spills. Put a used chemical label on each container, store all containers in a box and 

label the box with the following labels: “UN 1789 – hydrochloric acid” and “class 8”. 

17.1.2.2 Making the new acid bath 

This needs to be done in a proper laboratory for access to DI water. Information about 

the laboratories are given in each team’s document binder. 

 

IMPORTANT: wear closed shoes, long pants, lab coat, safety glasses and acid gloves 

 

1. Rinse the empty acid bath (blue barrel) with 3 x 5 L of DI water. 

2. Fill the blue barrel with ~ 40 L of DI water (18.2 MΩ/cm resistivity) 

3. In a well ventilated area (under a chemical hood if you can, or outdoors), pour ~ 4 L 

of 37% hydrochloric acid into the acid bath.  

 

WARNING: concentrated acid is very volatile and can cause serious caught if inhaled, 

and cause serious acid burns on skin. Work calmly, with teammates not disturbing and 

staying far away. We suggest slowing down your breath and holding your breath to 

pour ~ 1 L of concentrated acid into the acid bath at the time, then walking away to 

breath again. 

17.1.3 Syringes for filtered water (epilimnion and hypolimnion) 

The filtration syringes should be changed for new ones bi-weekly. Discard old syringes 

in the garbage and take new individually-wrapped syringes. Use electrical tape to label 

the three new syringes ( "Epi – A", "Epi - B", "Hypo") 
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17.1.4 Spoon for bacterial sediments 

The spoon for bacterial sediments should be changed bi-weekly. Discard the old spoon 

in the garbage and a take new individually-wrapped spoon. 

17.1.5 Oil in generator 

The oil in the generator should be changed bi-weekly to ensure proper functioning. This 

is taught during the 3-day training in person. Store the old oil in an empty bottle, label, 

and bring back to Sherbrooke at the end of the field season for proper disposal. 

17.2 Monthly changes 

17.2.1 Syringes for dissolved gases and CH4 bubbling 

All the syringes used for dissolved gases and CH4 bubbling, as well as the hydrophobic 

filters, should be changed for new ones monthly. Discard old syringes and filters in the 

garbage and take new syringes and filters. The kits were prepared in advance, make 

sure each syringe is properly labelled to not mix wet and dry syringes, and dissolved 

gases vs CH4 bubbling syringes. 

17.2.2 RBR batteries 

The batteries inside the RBR should be changed monthly to ensure proper functioning. 

The RBR needs 16 "123 Energizer" batteries. Bring the old batteries back to Sherbrooke 

for proper disposal. 

18 Shipping  
As a large number of samples are collected at each lake, teams need to ship most of 

their samples weekly. Shipping day is typically on Wednesday. This allows dry ice to be 

produced on Monday, shipped to the field teams, packed with the samples, are sent to 

Université de Sherbrooke, and received in the laboratory within the same working week. 

Having the shipping boxes stay in a warehouse for a weekend would compromise the 

temperature inside the boxes and will likely thaw the samples. 

18.1 One week before the shipment  

1. Open the "Itineraries 2019" Google Sheet, tab: "Shipping". 

2. Read the "Instructions for obtaining dry ice" and "Instructions for shipping samples + 

dry ice out from town to Sherbrooke". 

3. Verify the "Pre-order dry ice?" column to know if you have a delivery or if you pick up 

dry ice at a Praxair counter. 
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a) If you have a pre-order of dry ice from Vancouver/other city: indicate the shipping 

address for your delivery in the "Shipping address for dry ice delivery" (either 

your accommodation or the local Purolator service center) 

b) If you pick up dry ice at a Praxair counter, verify if you need to pre-order it or call 

to make sure they have some in stock.   

4. Indicate the address for your Purolator pick up in the ‘’Address for Purolator pick up 

(field team to Sherbrooke) 

18.2 The day before the shipment 

1. Put enough ice packs in the freezer. 

2. Write down by hand with a permanent marker the shipping address on each box. 

3. Make sure you indicated the correct address for the Purolator pick up in the 

"Itineraries2019" (or appropriate year) Google Sheet. 

18.3 Shipment day 

18.3.1 Getting dry ice 

1. If you need to pick up the dry ice at a Praxair counter: go to Praxair with enough 

empty boxes to store the dry ice temporarily 

2. Purchase enough dry ice (slabs or pellets) for what you need (you can fill the 

boxes in their parking lot to purchase more if needed) 

3. Provide Praxair with the Purchase Order # (the bill gets paid automatically by the 

Université de Sherbrooke, you do not need to pay anything) 

4. Take your copy of the receipt, take a photo with the ipad and save it in your 

Google Drive, "TEAM COLOR-EXPENSES", under the "PRAXAIR – DRY 

ICE"   folder. Name: 

‘’PRAXAIR_TEAMLEADERLASTNAME_Firstname_date(YYYY-MM-DD)’’. 

18.3.2 Packing up the samples 

Refer to table 18.1 for details about shipping frequency and shipping temperature of 

each sample.  
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Table 18.1 Shipping frequencies and temperature during shipment. All samples are shipped to 
Université de Sherbrooke, exept the BACL and PETRI samples that are shipping to Memorial 
University. 

Label Variable name Shipping frequency Temperature during field 

work 

Temperature for 

shipping 

PPWE_A 

PPWE_X 
PPWH_A 
PPWH_X 

Pestpharma (pesticides 

and pharmaceuticals) 

Weekly -20oC freezer -80oC (dry ice) 

CTOX_A 
CTOX_B 
CTOX_X 

CTOXP 
CTOXP_X 

Cyanotoxins Weekly -20oC freezer -80oC (dry ice) 

SRP0_A 

SRP0_B 
SRP0_X 
SRPH_A 

SRPH_B 

Soluble Reactive 

Phosphorus 

Weekly -20oC freezer -80oC (dry ice) 

NOX0_A 
NOX0_B 

NOX0_X 
NOXH_A 
NOXH_B 

Nitrogen oxides Weekly -20oC freezer -80oC (dry ice) 

NHX0_A 
NHX0_B 

NHX0_X 
NHXH_A 
NHXH_B 

Reduced nitrogen 
(ammonia and 

ammonium) 

Weekly -20oC freezer -80oC (dry ice) 

ANIO_A 
ANIO_B 
ANIO_X 

Anions Weekly -20oC freezer -80oC (dry ice) 

FTIC_A FT-ICR-MS: Fourier-
transform ion cyclotron 
resonance 

Weekly -20oC freezer -80oC (dry ice) 

P1-0-1-5ml 
P1-0-1-P 
P1-0-1-SC 

P1-1-2-SC 
P1-X-4-3-5ml 
P1-X-4-3-SC 

P1-W-X-3-2 
P1-18-19-5ml 
P1-18-19-SC 

P1-X-3-2-5ml 
P1-19-20-W 

Sediments subsamples 
from the P1 sediment 
core 

Weekly -20oC freezer -80oC (dry ice) 

P3-0-2-W 

P3-2-4-W 

Sediments subsamples 

from the P3 sediment 
core 

Weekly -20oC freezer -80oC (dry ice) 

PICO1 
PICO2 

Picoplankton Weekly -80oC freezer -80oC (dry ice) 

POMC_A 

POMC_B 
POMC_X 
POMN_A 

POMN_B 
POMN_X 
POMP_A 

POMP_B 
POMP_X 

Particulate organic matter 

– carbon, nitrogen and 
phosphorus 

Weekly or bi-weekly -20oC freezer -80oC (dry ice) 

TSS0_A 
TSS0_B 
TSS0_C 

TSS0_X 

Total suspended solids Weekly or bi-weekly -80oC freezer -80oC (dry ice) 
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Label Variable name Shipping frequency Temperature during field 
work 

Temperature for 
shipping 

CHLA_AM_A 

CHLA_AM_B 
CHLA_AM_X 
CHLA_PM_A 

CHLA_PM_A 

Chlorophylle a (morning 

and afternoon) 

Weekly or bi-weekly -80oC freezer -80oC (dry ice) 

DNAF_A 
DNAF_B 

Environmental DNA Weekly or bi-weekly -80oC freezer -80oC (dry ice) 

RNAF_A 
RNAF_B 

Environmental RNA Weekly or bi-weekly -80oC freezer -80oC (dry ice) 

PABS_A 
PABS_B 
PABS_X 

Particulate absorption Weekly or bi-weekly -80oC freezer -80oC (dry ice) 

HPLC_A 

HPLC_B 
HPLC_X 

High Pressure Liquid 

Chromatography of 
pigments 

Weekly or bi-weekly -80oC freezer -80oC (dry ice) 

SWAB0_A 

SWAB0_B 
SWAB0_C (…) 

Viruses Weekly or bi-weekly -80oC freezer -80oC (dry ice) 

P2-0-1-W 
P2-1-2-W 
P2-W-X-4-3 

P2-W-X-3-2 
P2-18-19-W 
P2-19-20-W 

Sediments subsamples 
from the P2 sediment 
core 

Weekly 4oC refrigerator 4oC (ice packs) 

D18O1_A 
D18O1_B 
D18O1_C 

Isotopes of oxygen Weekly 4oC refrigerator 4oC (ice packs) 

DOC0_A 
DOC0_B 
DOC0_X 

Dissolved organic carbon 
and dissolved inorganic 
carbon 

Weekly 4oC refrigerator 4oC (ice packs) 

P4 P4 sediment core (full 
core) 

Weekly 4oC refrigerator 4oC (ice packs) 

CDOM_EEM Color dissolved organic 
matter (Excitation-
Emission Matrix) 

Weekly 4oC refrigerator 4oC (ice packs) 

CDOM_ABS Color dissolved organic 
matter (absorption) 

Weekly 4oC refrigerator 4oC (ice packs) 

TKN0_A 

TKN0_B 
TKN0_X 
TKNH_A 

TKNH_B 

Total nitrogen (epilimnion 

and hyplominion) 

Weekly 4oC refrigerator 4oC (ice packs) 

TP00_A 
TP00_B 

TP00_C 
TP00_X 
TP0H_A 

TP0H_B 

Total phosphorus 
(epilimnion and 

hyplominion) 

Weekly 4oC refrigerator 4oC (ice packs) 

CATI_A 

CATI_B 
CATI_X 

Cations Weekly 4oC refrigerator 4oC (ice packs) 

DGAS1_A 

DGAS1_B 
DGAS1_C 

Dissolved gases Weekly or bi-weekly Room temperature 4oC (ice packs) or 

at room 
temperature 

N2O01_A 

N2O01_B 
AIRR1_A 

Nitrous oxides Weekly or bi-weekly Room temperature 4oC (ice packs) or 

at room 
temperature 

DH2O_A Deuterium Weekly or bi-weekly Room temperature 4oC (ice packs) or 

at room 
temperature 
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Label Variable name Shipping frequency Temperature during field 
work 

Temperature for 
shipping 

ZOOP1_1 Zooplankton Keep for entire 

summer, bring back 
in person at 
Sherbrooke 

Room temperature  

CH41_A1 
CH41_A2 
CH41_B1 

CH41_B2 

Methane Weekly or bi-weekly Room temperature 4oC (ice packs) or 
at room 
temperature 

PHYTE 
PHYTNS 

Phytoplankton (epilimnion 
and net sample) 

Weekly or bi-weekly Room temperature 4oC (ice packs) or 
at room 

temperature 

BACI 
BACL0 

 

Bacteria (coliforms) Once a week* 4oC refrigerator* 4°C - Cooler with 

Ice packs* 

PETRI_A 
PETRI_B 

PETRL_A 
PETRL_B 

Petrifilm (bacteria) Once a week* 4oC refrigerator* 4°C - Cooler with 

Ice packs* 

BACLS_W Bacterial sediments Once a week* 4oC refrigerator* 4°C - Cooler with 

Ice packs* 

* The BACI, BACL0, PETRI and BACLS_W samples are shipped to Memorial University. 

18.3.2.1 Frozen samples (-80oC and -20oC samples) 

Wear safety glasses, long pants and long sleeves if you need to break dry ice (if you 

have dry ice blocks) into smaller pieces using a hammer. 

 

1. Samples in plastic bottles: all samples of the same type (all NOX together, all 

NHX together, etc.) are placed into one large Ziploc freezer bag. 

2. Samples in cryovials and TSS: all samples of the same type are first placed into 

a small ided Ziploc bag per lake, then placed into a large Ziploc freezer bag per 

sample type. 

3. P1 samples: every “P1-0-1-P’’ sample is in a small individual Ziploc bag. All “P1-

0-1-P’’ samples are then placed in a large Ziploc. All other P1 samples (P1-0-1-

5ml, P1-0-1-SC, etc.) from a same lake are in a medium Ziploc bag. Then, all 

those medium Ziploc bags go into a large Ziploc bag. 

4. Fill the styrofoam boxes: put crushed dry ice + samples. 

5. Add appropriate dangerous goods labels: ‘’Time and temperature sensitive’’, 

‘’Class 9’’ and ‘’AIR’’ (Fig 18.1). 
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Figure 18.1 Samples to include in the box and shipping labels for the frozen samples. 

18.3.2.2 Refrigerator and ambient temperature 

1. Place absorbent pads in the box. 

2. Samples in Exetainers® and N2O: Place all Exetainers® and N2O+AIR vial in the 

appropriate cardboard box. 

3. TP and TN samples: TP= white electrical tape to secure lid, TN= black electrical 

tape to secure lid , all vials placed in rack, wrapped in absorbent pad + bubble 

wrap, then place in a large Ziploc bag. 

4. Samples in glass bottles: Group 4-5 vials of the same sample type, secure with 

elastic bands and wrap in absorbent pad + bubble wrap, then place in a large 

Ziploc bag. For bottles wrapped in aluminum foil, label the bottle itself and label 

again on top of the foil. 

5. Cations: all samples in a Ziploc bag + absorbent pad. 

6. Samples in plastic bottles: all samples of the same type are placed into one large 

Ziploc freezer bag. 
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7. P2: all P2 samples from one lake in a small Ziploc, then all samples in one large 

Ziploc. 

8. Put samples in Styrofoam box: put 3-4 ice packs and samples. All samples of the 

same type are placed together in a large Ziploc freezer bag. 

9. Exception: keep the zooplankton samples all summer, do not ship. 

10. Add the appropriate labels on the boxes (Fig 18.2) 

 

 

Figure 18.2 Samples to include in the box and shipping labels for the refrigerated + ambient 
temperature samples. 
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18.3.2.3 Refrigerator to Memorial University (bacteria index site, bacteria 

littoral site, bacteria petrifilms, bacterial sediments) 

The bacteria samples (centrifuge tubes and petrifilms) need to be shipped weekly to 

Memorial University.  

 

1. Place absorbent pads in the box (small Styrofoam box with thick walls). 

2. Bacteria water samples: Seal each centrifuge tube with electric tape in the same 

direction as the thread. 

3. Bacterial sediments: Place all the bacterial sediments in the box. 

4. Petrifilms: Place all petrifilms in a Ziploc bag and put in the box. 

5. Add one ice pack. 

6. Put appropriate labels and information on the box (Fig 18.3). 

 

 

 

Figure 18.3 Samples to include in the box and shipping labels for the refrigerated samples that 
are shipped to Memorial University. 
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18.3.4 Finishing up shipment 

1. Once your boxes are packed, indicate the number of boxes with their 

dimensions, approximate weight, and their content (water samples + dry ice or 

water samples + ice packs) in the "# boxes, dimensions, weight, dry ice?"  

column of the "Shipping" tab of the "Itineraries 2019" Google Sheet. 

2. The coordination team in Sherbrooke orders a pick up directly on Purolator’s 

website at the address you indicated in the "Address for Purolator pick up (field 

team to Sherbrooke)" column.  

3. Once the coordination team sends you the shipping label, print them and put 

them on the appropriate boxes. Make sure you put the right label on the right 

box. 

4. Add an "AIR" label on each box. 
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APPENDIX A FIELD PACKET EXAMPLE 

PURPLE TEAM 

Lak
e # 

LAKE IDENTIFICATION FIELD PACKET ACCESS 

id_LakePu
lse 

id_lak
e 

LakeNa
me 

Coordinates Pers
on in 
charg

e of 
field 
pack

et 

Field 
packet 
complet

ed 

Access 
confirmed 

Need to 
call 
ahead 

of time 
to 
confirm 

samplin
g? 

Land 
owners
hip 

Permit 
require
d? 

Motor 
boat 
restriction

s? 

Forestr
y roads 
require

d? 
Distanc
e to 

official 
road 

Contact Agreem
ent 

Detailed 
info about 
access 

1 11-316 49560
9-
11725

21 

Slocan 
Lake 

117°23'36.03
3"W 
49°55'55.908"

N 

  Yes Yes: 
through 
public 

launch at 
campgroun
d 

No Public 
parks 
along 

the 
shores. 
West 

shore: 
Valhalla 
Provinci

al Park 

No (to 
be 
confirm

ed) 

No   Rebecca, 
municipal
ity of 

New 
Denver. 
250 358-

2316 

  Public 
launch at 
the 

municipal 
campgroun
d. 1S0 3 

Ave, New 
Denver, BC 

2 11-317 50572
8-

11823
47 

Victor 
Lake 

118°23'46.51
7"W 

50°57'28.165"
N  

  Yes Through an 
Hwy 1 rest 

area : 
50°57'27.4"
N 

118°23'57.6
"W 

No Public 
road 

No No No No 
contact, 

couldn't 
reach 
anyone 

No 
agreeme

nt 

50°57'27.4"
N 

118°23'57.6
"W 
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PURPLE TEAM 

 GENERAL GEOGRAPHY EXTERNAL LINK EMERGENCY Notes 

Lake 

# 
Province Lake 

size 

Human 

Impact 

class 

Ecozone Municipality Lake Association? Max 

depth 

(m) 

Name of external PP 

file (bathymetric 

maps, access map, 

email exchange, etc.) 

Nearest 

hospital 

Local/ 

provincial 

police 

phone # 

First 

respondent 

phone # 

1 British 

Columbia 

Large Low Montane 

Cordillera 

Multiple 

municipalities: 

Slocan, New 

Denver, 

Silverton, 

Central 

Kootenay H 

Yes, Slocan Lake 

Stewardship Society. 

www.slocanlakess.com 

298 11-316_Slocan_Purple Slocan 

Community 

Health 

Centre 

401 

Galena 

Avenue 

New 

Denver, 

BC. 250-

358-7911 

Slocan 

Lake 

police: 

250-358-

2222 

Call 811 to 

speak with 

a nurse 

http://slocanlakechamber.com/ 

visitors/attractions/beaches-

parks-trails/ 

2 British 

Columbia 

small low Montane 

Cordillera 

Columbia-

Shuswap E 

No 

 

na 11-

317_VICTOR_PURPLE 

Shuswap 

Lake 

General 

hospital. 

601 10 St 

NE, 

Salmon 

Arm, BC 

V1E 4A7 

RCMP. 

1980 11 

Ave NE, 

Salmon 

arm, BC 

V1E 2V5. 

(250)832-

6044 

911 Try to sample later in the year, 

might be snow (phone conv. 

Geneviève - Mike Sokal) 

http://www.slocanlakess.com/
http://slocanlakechamber.com/


APPENDIX B FIELD PACKET – EXTERNAL DOCUMENT EXAMPLE 

139 

 

APPENDIX B FIELD PACKET – EXTERNAL DOCUMENT 

EXAMPLE 
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APPENDIX C FIELD PACKET TUTORIAL 

The purpose of a field packet is to provide relevant information regarding lake access to the field 

teams. The field packet contains valuable information that helps the teams access each of the 

selected lakes and prepare accordingly. Every day, team members should consult the field 

packets of the upcoming lakes to anticipate the required logistics. 

 

The field packets are separated into two parts. The first part is in the form of a spreadsheet saved 

as a Google Sheet. The ‘’Field Packets 2019’’ Google sheet contains one tab per team, where 

each lake is contained in one single line (see Appendix A for an example).  

 

The columns represent the information to obtain for each lake, as described below. The second 

part of the field packets consists of a Google Slide document (equivalent of Google Slides) where 

any relevant documentation that does not fit into the Google Sheet is stored, such as a 

bathymetric map, detailed driving directions and email exchanges regarding lake access for 

example. A link towards this Google Slide document is inserted in the ‘’EXTERNAL LINK’’ column 

of the Google Sheet. 

 

Each of the field teams has two Ipads during the field campaign. The field teams can use these 

Ipads to consult the ‘’Field Packets 2019’’ Google Sheet, as well as the Google Slide documents 

that complete the field packets. Using the ‘’Field Packets 2019’’ Google Sheet allows every team 

member to see each other’s progress in producing the field packets. In addition, preparing the 

field packets in a spreadsheet format allows for easy consultation of the upcoming lakes while 

doing field work. 

 

Each team member contributes by producing 11-13 field packets. Some field packets are very 

rapid to produce, especially if there is a public access to the lake. Some lakes, especially those 

on private land, may take more time and effort. Grab the phone and call the municipality or 

landowners to explain the project and request lake access. The better you make the field packets, 

the easier the field campaign is for your team! 

 

Below, you will find a description of each column to fill, followed by some tips and advice.  

  

In the explanations below, cells of a grey color represent information provided by the LakePulse 

coordination team. Please do not change the content of these cells. Cells that are uncolored are 

filled by the person making the field packet. 

 

(Note: the table in Google Sheet is in a wide format, copy-pasted below in a long format for an 

easier layout) 
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PART 1: ‘’Field Packets 2019’’ Google Sheet 

LAKE 

IDENTIFICATION 
id_LakePulse Combination of 5 numbers in the format ‘’00-000’’. The first two numbers corresponds 

to the lake’s ecozone. The last three numbers are generated randomly 

id_lake Long identification of a lake, which represents the lakes’ longitude and latitude 

LakeName Lake name, if existent 

Coordinates Coordinates of the lake 

FIELD PACKET Person in 

charge of field 

packet 

Name of the team participant in charge of the field packet. To be determined and 

evenly distributed among each team. 

Field packet 

completed 
Name of the team participant in charge of the field packet. To be determined and 

evenly distributed among each team. 

ACCESS Access 

confirmed 
'Yes'' or ''No'', hopefully all the field packets have a ''yes'' when all field packets are 

done! 

Need to call 

ahead of time to 

confirm 

sampling? 

Indicate if the team needs to call someone before arriving at the lake, such as a 

landowner for example. Make sure you have spoken with this person and that he/she 

expects your phone call. Often times, landowners will request that you call them a few 

days before to validate the date at which you will sample the lake 

Land ownership Either private, public or a Provincial or Federal park. 

Permit 

required? 
Indicate if a permit is required to sample the lake. The LP coordination team will 

identify those lakes, as much as possible.  

Motor boat 

restrictions? 
Indicate if motor boats are permitted or not. 

Forestry roads 

required? 

Distance to 

official road 

Indicate if forestry roads are required to access the lake. If so, indicate the 

approximate distance between the access point and the nearest official road. Provide 

as much detail as possible in the Google Slides document. 

Contact Name of a contact person for lake access, especially if there is no public access to 

the lake. Include phone number and email address. This is the person who gave you 

access, whether it is a landowner, or an employee of the municipality, for example. 

Agreement Information about the agreement for lake access. E.g. ''the team can park their 

vehicle at 555 LakePulse Street to access the lake and can set their mobile lab on 

this property.'' Any email exchange or details about a phone conservation is to be 

included in the Google Slides document, with the external link in the ''External Link'' 

below. 

Detailed info 

about access 
Any additional useful information about lake access. E.g. ''The team needs to stop at 

the municipal office to pick up a key to open the gate to access the road leading to 

the lake''. 

GENERAL Province Province 

Lake size Lake size (small, medium, large). 

Human Impact 

class 
Human impact class, either ''high'', ''moderate'' or ''low'' 

Ecozone Ecozone. E.g.  ''mixedwood plains'', ''boreal shield'', ''Atlantic maritimes'', ''Atlantic 

Highlands'', etc. 

GEOGRAPHY Municipality Municipality, phone number, address 
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Lake 

Association? 
Is there a lake protection association? If so, indicate name, website, contact and 

phone number 

Max depth (m) Maximum depth of the lake in meters (many old maps are in feet, please convert) 

EXTERNAL 

LINKS 
Name of 

external PP file 

(Link to 

bathymetric 

maps, access 

map, email 

exchange, etc.) 

During the preparation of the field packets, indicate the name of the Google Slides file 

that you saved in Google Drive, as explained in ‘’PART 2’’ of this tutorial 
When all field packets will be done, the LP coordination team will save all the Google 

Slides files as pdf files and put a link towards the pdf file 

EMERGENCY Nearest hospital Location and phone number of the nearest hospital, as well as distance to the lake 

Provincial police 

phone # 
Provincial police phone # 

First respondent 

phone # 
First respondent phone # (in small towns, can sometimes be the police or firefighters) 

NOTES Any other relevant information about the lake 

  

PART 2: Field packet - Google Slides document 

 

Create a Google Slides document in which you insert any document that does not fit into the 

Google Sheet. Create only one Google Slides document per lake. Bathymetric maps, maps of the 

access site, copy of email conversations, or any other useful documents are inserted in this 

document. Select a format, either landscape or portrait, that suits the orientation of reading. Each 

of these Google Slides documents is saved as pdf files on each team’s Ipad with offline access 

for easy consultation during the field campaign. 

 

Follow this format to name the Google Slides document: “id_LakePulse_lakename_team’s color’’. 

For example: “11-316_Slocan_Purple” is the Google Slides document associated with the field 

packet for lake ID 11-316 (Slocan Lake), sampled by the Purple team. Make sure to follow this 

name format, using only the lake name can be confusing as many different lakes can have the 

same common name. 

Save the Google Slides document in the Google Drive “2019_field_packets” in your team’s folder. 

 

INDEX SITE: the index site is the deepest point of the lake, where most of the sampling is done. 

If a bathymetric map exists, search for the deepest point on it. If no bathymetric map exists, you 

may be able to find information about the lake’s deepest point through the municipality, lake 

associations, or local fishermen clubs for example. Once you find the deepest location of the lake, 

indicate it on the bathymetric map (or regular map of the lake such as a Google Earth print screen 

if no bathymetric map is available), as precisely as possible. In a text box, indicate latitude-

longitude if possible, as well as the depth. 

  

LAUNCH SITE: the launch site is where your team accesses the lake and put the boat in the 

water, as well as set the mobile lab. Some lakes have a public access, which makes lake access 

very easy. In such circumstances, contact the municipality to ask if there is a fee (there may be a 

discount for scientific research) and if you can set up the mobile lab at this location, if there is 

electricity or if we can run the generator. Large lakes may have more than one launch site, try to 

find the one closest to the index site. Many lakes do not have a public boat launch, in which case 
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we need to be creative: search on Google Earth if the road is near and if it seems like you can 

access somewhere, call the municipality, call landowners to ask for permission, etc. 

  

OTHER IMPORTANT INFORMATION 

Each team manages who is in charge of which field packet. Share the workload to be as even 

and efficient as possible. Cooperation is key! 

If you realize that a lake is inaccessible as you prepare its field packet, please inform Maxime 

Fradette immediately. You can either send him a Slack message, or send him an email: On the 

other hand, if the coordination team changes a lake, we indicate that change in the 

‘’Itineraries2019’’ and ‘’Field Packets 2019’’ Google Sheets directly. If someone had started the 

field packet, we contact the person in charge of this field packet by email. If the person in charge 

of the field packet had not started already, we simply indicate the change on the Google Sheets. 

 

LakePulse is interested in natural lakes that are > 1 m deep. While preparing the field packets, if 

you realize a lake is either artificial or < 1 m deep, please advice Maxime so we can find a back 

up lake. Also, we sample lakes that are < 1 km away from a road so there is occasionally some 

portage to do if the road is not directly besides the lake. 

If this is your first field campaign, I encourage you to talk with someone who participated in the 

2017 campaign to get some tips and advice and a good idea of what a sampling day looks like. 

Nonetheless, here is some information that can help you as you contact local residents or 

municipalities so you can explain our project and our needs in terms of lake access. 

 LakePulse is a national lake survey aiming at assessing and understanding the health of 
Canadian lakes. We have partners across the country including the ministries of 
provinces and territories, federal agencies and departments, non-profit organizations and 
university researchers. We sampled 217 lakes in 2017, 232 in 2018 and we aim to 
sample 219 lakes in 2019. 

 A typical day on the field (as you can explain to someone to ask for lake access): our 
sampling team of four people arrives at the lake around 9:00 am, we put the boat in the 
water and two people leave immediately to find the deepest spot of the lake and perform 
measurements as well as water collection. It is a 10 feet aluminum boat with a 9.9 
horsepower motor. The two other team members set up a mobile lab, which consists of a 
10 feet by 10 feet pop-up tent where we do filtrations and water processing. We do three 
runs on the lake to collect water and perform different measurements. There are always 
two people on shore at the mobile lab. We typically work until about 4:00 pm, when we 
pack up and leave the lake. There is no product being released in the lake, we only take 
direct measurements, collect water (about 50 L) and collect sediments. We take serious 
precautions to avoid contaminating lakes with invasive species. 

 Equipment: 
o We drive a pick-up truck with a 6-foot trailer to park while we sample. We try to park 

the vehicle as close as possible to the launch site and to where we can set up the 
mobile lab. 

o We have a 10-foot aluminum boat, which we carry by hand so we do not need a boat 
ramp. We use a 9.9 horsepower motor. If motors are forbidden, we can row 
(hopefully those are small lakes).  

o We have a 10 feet by 10 feet pop-up tent in which we set up our mobile lab for the 
day to do filtrations and water processing 

o We have two portable freezers as well as an incubator, which are powered by a 
small generator, unless there is electricity available 

o After sampling each lake, we carefully wash and scrub all the equipment that was in 
the lake with a vinegar solution: motor, boat, anchors, instruments, etc. to prevent 
contamination. 
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Schedule is subject to change. We do have a detailed itinerary, but field work is what it is and 

things can change along the way. When you speak with a local resident or municipality for lake 

access, you can tell them the date we plan to sample a specific lake, but indicate that this is 

subject to change. You can offer to give them a call a few days before to validate the sampling 

date. 

 

Summary of our protocol: 

Targeted species/parameter Sampling method Equipment used 

Temperature, dissolved oxygen, pH Lower the multiparameter sonde in the 

water column to total depth – 1 m. Bring 

the multiparameter sonde back to the 

surface 

RBR 

multiparameter  

sonde 

Transparency Lower secchi depth in the water column 

until it disappears, bring back to the 

surface 

Secchi disk on 10 

m rope 

Bacteria (coliforms) Fill two water bottles with subsurface water Two 250 ml 

plastic bottles 

Dissolved gases Fill four syringes with subsurface water 

and shake vigorously to release the 

dissolved gases 

Four 140 ml 

plastic syringes 

Isotopic composition Fill the glass vials and plastic bottle with 

subsurface water 

Three 12 ml glass 

vials, one 30 ml 

plastic bottle 

Integrated sample of surface and 

subsurface water (cyanotoxins, total 

phosphorus, total nitrogen, 

bacterioplankton, soluble reactive 

phosphorus, nitrous oxides, 

ammonia,  cations, anions, dissolved 

organic carbon, colored dissolved 

organic matter, particulate organic 

matter, chlorophyll a, microbial DNA, 

particulate absorption, total 

suspended solids, particulate 

absorption, pigments, pesticides) 

Lower the tube sampler to 2 x secchi depth 

(max 2 m) and fill two carboys (9 L each) 

Tube sampler 

(PVC tube with 

valve) 

Zooplankton Lower the zooplankton net to total depth – 

1 m (max 25 m) and bring back to the 

surface at slow and constant speed. Drain 

excess water through the mesh and 

transfer in plastic bottle 

Zooplankton net 

Phytoplankton in water column Lower the zooplankton net to total depth – 

1 m (max 25 m) and bring back to the 

surface at slow and constant speed. Drain 

excess water through the mesh and 

transfer in plastic bottle. 

Zooplankton net 
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Hypolimnion water Lower the Van Dorn water sampler in the 

hypolimnion, drop the messenger and 

bring back to the surface. Transfer in 

carboy (4 L) 

Van Dorn water 

sampler 

Bacteria (coliforms) in littoral zone Fill two water bottles with subsurface water Two 250 ml 

plastic bottles 

Virus in littoral zone Rub two sterile swabbers on sediments in 

the littoral zone 

Two sterile virus 

swabs 

Methane in sediments from littoral 

zone 

Disturb sediments with a boat oar to 

release gases. Collect gases in a plastic 

syringe and transfer in glass vials 

Plastic funnel, 

one 100 ml 

syringe 

Radiance and irradiance Lower the C-OPS in the water column until 

the percent of incoming light reading 

indicates 0%, bring back to the surface 

and repeat two times 

C-OPS 

(Biospherical 

Instruments) 

Optical backscattering Lower the BB3 in the water column BB3 (Seabird 

Scientific) 

Reflectance   ASD 

spectrometer 

Sediment cores: diatoms, pigments, 

microbial DNA, zooplankton, 

mercury, pesticides 

Anchor the boat at the deepest point. 

Lower the sediment corer, trigger and 

bring back to the surface to retrieve the 

sediment core. Repeat three times 

Gravity corer with 

plexiglass core 

tubes 

  
Cleaning procedure: 

The aluminum boat, motor, anchors, secchi disk, and oars are washed thoroughly with a scrub and vinegar 

solution, then dried overnight. 

  

The tube sampler and carboys used for water collection are soaked in a 3.7% chloridric acid solution 

overnight, then rinsed three times before sampling the next lake. 

  

 

Tips and advice: 

 Sending emails to municipalities is fine, but you are more likely to get a response if you call them. 
Explain the project and ask them if there is a public launch, or if they have any advice to help you 
finding a launch site. Ask them if they know how deep the lake is, if there is a lake association that 
you can contact, if you need a permit to sample the lake, if motor boats are allowed, where is the 
nearest hospital or health service, etc. In short, try to gather as much information as possible to fill 
up the field packet. 

 If you get in contact with a lake association, ask them if they know someone who can let your team 
use their property to access the lake and set up the mobile lab. They might also even have a boat 
in the water that you can use, which saves you taking the boat down in the water, carrying the 
motor, cleaning everything afterwards, etc. If motor boats are not allowed they may have an 
electrical motor they can lend. 

 Citizens, lake associations and municipalities may be interested in our research and ask you to 
share the results with them. Here is a ‘’typical reply’’ to such a request: 
Thank you for your interest in LakePulse. We have been processing the samples and 

organizing into our database all the measurements collected from 217 lakes 

during the LakePulse Survey in 2017 and 232 lakes in 2018. We will have some 
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preliminary data available on our website in the fall of 2019. We will be adding as 

quickly as possible the data collected in the summer 2019.  

One of the goals of the LakePulse program is to create a Web Portal so that lake health 

data is easily accessible, which we are currently working on. To help us create 

online tools that suit your needs for lake health and water quality data, please 

provide us with your feedback by completing our questionnaire 

(http://lakepulse.ca/survey/).  

We are sampling 680 lakes across Canada over 3 years, and at each lake we collect 

over 100 variables, such as turbidity, nutrients (nitrogen and phosphorus), 

chlorophyll-a, fecal coliforms, microcystins, cyanobacteria, dissolved oxygen and 

Secchi depth, amongst others.  

LakePulse is a 5-year program to create the first national assessment of lake health by 

2021. Unfortunately, it will take us until 2019 to produce our preliminary lake 

reports because of the quantity of data that we analyze. I am sorry for the delay in 

sharing the data! If you would like to be contacted when the data will be available 

online, please write to our Manager (http://lakepulse.ca/contact-us/) who will 

include you on our email list. 

  

Useful links 

 Topographic maps, calculating distances between points: http://atlas.gc.ca/toporama/en/index.html 

 RCMP, find a local detachment: http://www.rcmp-grc.gc.ca/detach/en 

 Information about lakes in Alberta (including bathymetry, maximum depth and if there is a boat 
launch): http://albertalakes.ualberta.ca/  

 Bathymetric maps of lakes in Saskatchewan: 
https://gisappl.saskatchewan.ca/Html5Ext/?viewer=bathy

http://lakepulse.ca/survey/
http://lakepulse.ca/contact-us/
http://atlas.gc.ca/toporama/en/index.html
http://www.rcmp-grc.gc.ca/detach/en
http://albertalakes.ualberta.ca/
https://gisappl.saskatchewan.ca/Html5Ext/?viewer=bathy
https://gisappl.saskatchewan.ca/Html5Ext/?viewer=bathy
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APPENDIX E RISK MANAGEMENT PLAN 

Health and Safety-Field campaign project LakePulse – Department of Applied Geomatics 

University of Sherbrooke 

 

Analysis of potential risks and identification of good practices to adopt 

ACTIVITIES POTENTIAL 

RISKS 

GOOD PRACTICES DISCIPLENARY MEASURES 

1. Travelling 

Driving a 4x4 pick-up 

truck with a trailer on 

a variety of roads 

(highway to forestry 

road) 

 

Road accident, 

damaging 

equipment 

 Each driver should drive a maximum of 7 

hours per day 

 Always have at least two people awake and 

attentive: driver and co-pilot 

 Respect the road safety code and wear the 

seatbelt 

 When driving on forestry roads, use a CB 

radio to communicate with other vehicles 

 Have a first aid kit in each vehicle 

 Add a fire extinguisher in each pick-up truck 

 Take a basic training on driving a vehicle 

with a trailer (as needed) 

 Proceed with an inspection of the truck and 

trailer before the field campaign and 

regularly during the field season: state of the 

tires, frame, trailer connection, lights on the 

truck and trailer, oil level 

Disciplinary sanctions from 

oral warning to expulsion is 

applied depending of the 

severity of the offense or of the 

recurrences. 
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Driving a motor boat 

on water bodies of 

various sizes 

Capsizing, 

drowning, hitting 

other boats, 

motor failure, 

hitting the bottom 

of the lake 

 Take a training on watercraft safety (at least 

two people per team) 

 Have on board a tool kit for minor motor 

repairs (spare spark plugs, srcrew driver, 

tape)  

 Consult weather forecast before sampling 

each lake and take into consideration high 

risk weather conditions (strong winds, 

thunderstorm) 

 Have on board two oars, a boat safety kit 

(whistle, floating rope, scoop), a first aid kit, 

and a walkie-talkie to communicate with the 

people on shore 

 Wear a personal floatation device (PFD) at 

all times with a whistle 

 Consult bathymetric maps when available 

and have a GPS on board 

ACTIVITIES POTENTIAL 

RISKS 

GOOD PRACTICES DISCIPLENARY MEASURES 

2. Work in remote areas 

Sampling on different 

water bodies of 

various sizes 

Injuries, sunburn, 

hypothermia 

 Have a first aid kit in each boat 

 Have at least one person on each team with 

a wilderness first aid course 

 Wear appropriate clothing and sun screen 

(long sleeve shirt when impossible to wear 

sun screen, long pants, closed shoes) 

 Ensure all used equipment is in good 

working condition and safe to use 

 Never work alone 

Disciplinary sanctions from 

oral warning to expulsion is 

applied depending of the 

severity of the offense or of the 

recurrences. 

 



APPENDIX E RISK MANAGEMENT PLANT 

154 

 

Transportation of 

heavy material on 

short distances in 

uneven surfaces 

Injuries (back, 

articulations) 

 Respect each person’s physical limits and 

work in teams to carry heavy equipment 

 Wear appropriate footwear (closed shoes 

with good ankle support, no sandals) 

Working and camping 

in remote areas 

General risks 

associated with 

short trips in 

remote areas 

(wild animals, 

allergic 

reactions), ticks 

 Have access to a cell phone, and an Inreach 

device for teams outside of the cell phone 

coverage 

 Dispose of food and other source of odor 

(including garbage) that could attract 

animals adequately 

 Have a bear banger for teams in areas 

within bear habitat 

 Have an epipen and have a list of each team 

member’s allergies and other known health 

conditions 

 Have in hand and inform other team 

members of particular health condition or 

medicines¸ 

 Always have access to a first aid kit 

 Proceed with a full body check every 

evening to detect ticks 

 Elaborate a communication plan  

Working and camping 

in remote areas, in 

bear territory 

Bear encounter  Have each participant take a bear 

awareness training 

 Have a whistle around the neck at all times 

 Always store food in the truck cabin 

overnight 

 Cook far away from camp when camping 

 Always carry bear spray and a bear banger 
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ACTIVITIES POTENTIAL 

RISKS 

GOOD PRACTICES DISCIPLENARY MEASURES 

3. Laboratory work in field conditions 

Laboratory work 

(mobile lab) involving 

the use of ethanol, 

HCl 10% and H2SO4 

Injuries, chemical 

burns, 

intoxication, fire 

 Wear personal safety equipment (gloves, 

glasses and lab coats, closed shoes) 

 Work in well ventilated areas 

 Take the WHIMS training (2 people per 

team) 

 Work on stable and level surfaces (folding 

table) 

 Have a fire extinguisher  in each truck/trailer 

 Have in hand the MSDS sheets for every 

chemical used (paper and electronic 

versions), see field team binder 

 Dispose of contaminated equipment or used 

chemical adequately 

 Never work alone 

Disciplinary sanctions from 

oral warning to expulsion is be 

applied depending of the 

severity of the offense or of the 

recurrences. 

 

Transportation of 

dangerous goods in 

the truck (gasoline, 

ethanol, HCl 10%, 

H2SO4, HNO3, 

propane) 

Fire  Transport dangerous goods in appropriate 

containers and secure in the trailer. 

Segregate products by compatibility 

 Label all containers according to the TDG 

systems 

 Have a fire extinguisher in each truck 

Shipping samples with 

dry ice 

Risk of burning 

skin  

Risk of explosion 

if sealed 

container 

 

 The team member responsible of shipping in 

each team must take a training on 

Transportation of dangerous goods and 

apply the procedures for Dry Ice shipping 
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 Always wear protection glasses, gloves, long 

sleeves and closed shoes when 

manipulating dry ice 

 

 

SUMMARY OF THE ELEMENTS TO CONSIDER TO ENSURE GOOD PRACTICES  

Training needed  

TDG for transportation of dangerous goods and shipping with dry ice (at least one person in each team) 

Driving a vehicle with a trailer (at least two people in each team) 

Driving a pleasure craft (at least two people in each team) 

Health and safety in laboratory (at least two people in each team) 

Basic mechanics (at least one person in each team if needed) 

Wilderness First Aid (at least two people per team) 

Bear awareness training (everyone) 

Protocol training (everyone, for their specific role) 

 

 

 

Material provided 

CB radio for communication on forestry roads  

First aid kits (2 kits per team: one in the boat and one in the truck) 

Epipen (1 per team) 

Benadryl 

Personal Floatation Device 

Personal Protective Equipment (glasses, gloves, lab coat, etc.) 

Motor and generator repair kit 
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Inreach device for teams travelling in remote areas (satellite communication device) 

GPS (Ipad) 

Bear banger 

Walkie-talkie  

Sun screen 

Insect repellant 

Fire extinguisher  

 

Communication plan 

Make a list of emergency contacts for each participant (parent, partner) → Individual Field Questionnaires (APPENDIX D) 

Make a list of emergency contacts according to the regions visited (hospitals, first respondent, po lice, etc.) → Field packet for each 

lake 

Identify clearly the itineraries and transmit this information to the coordination team in Sherbrooke 

Proceed with the daily checkout on Slack for the coordination team in Sherbrooke. If no internet access, use the Inreach device to 

send an email. 

 

I hereby accept the potential risks related to field work and I commit myself to follow the good practices listed in this document 

 

_______________________________ 

Printed name:   Date: 

 

______________________________ 

Printed name:   Date: 

 

______________________________ 

Printed name:   Date: 

 

______________________________ 

Printed name:   Date: 
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APPENDIX F SHIPPING DOCUMENT FOR DANGEROUS GOODS
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APPENDIX G ACCIDENT REPORT 

FIELD CREW MEMBERS INVOLVED 

Name(s)  

 

Affiliation   

 

Email and phone 

number 

 

 

 

DESCRIPTION OF ACCIDENT 

Location  

 

Date and time  

 

Police notified? 

 

Y/N (If yes: indicate police report number and attach a 

copy of the police report) 

 

Description of the 

event 

(what happened, how, factors leading to the event) 

 

 

 

 

 

 

 

 

 

 

 

 

Was medical / first 

aid treatment 

needed? 

 

 

 

 

Y/N (if yes: indicate name of hospital or doctor or first 

respondent, date of visit, describe treatment) 

 

 

 

 

Prevention measures (what could be done to prevent such as accident to happen 

again) 
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Report written by:  

 

Witness: 

 

Date:  

 

Signature:  

 

 

Note: Give this report to Yannick Huot (Yannick.huot@USherbrooke.ca) and Marie-

Pierre Varin (Marie-Pierre.Varin@USherbrooke.ca)
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APPENDIX H CALIBRATION OF pH SENSOR 

Calibration of the pH sensor uses three pH buffers (4, 7 and 10), and should be carried 
out every sampling day for optimum accuracy. The pH 7 buffer solution is used to check 
the zero point while the pH 4 and pH 10 buffers solutions are used to measure the slope. 
 

You need a computer with the Ruskin Software installed (the optics person on your team 
should have this ready for you). From this software you have access to the manual for 
the RBR (Help -> user guide -> standard logger). You are calibrating a Idronaut pH 
sensor. The instructions below are based on this guide and adapted for conditions in the 
field. 
 

1. Open Ruskin on your PC. If your logger is still logging, under the set-up tab, the 
gray button ‘Enable’ (figure below) will show ‘Stop’. Click on stop to stop the 
logger. 

 
2. Under set-up->Schedule click  ‘Local sync’ to ensure the logger clock is 

synchronized to the PC clock (make sure your PC clock is accurate), and ensure 
the end time is set so that the logger will keep sampling until calibration is 
complete (or that ‘Not available with twist activation’ is displayed for 
‘End logging’). Verify that the logger is set to sample at 6 Hz (this should be how 
it is configured for your sampling), if not set it to 6 Hz. 

 

 
 



APPENDIX I EXPENSES REPORT 

162 

 

3. Under ‘Basic configuration’ untick ‘EasyParse (mobile) compatible data storage’ 
and enable logging. 

 
4. Click ‘Enable’. 
5. Pour ~40 ml of buffer pH 4 buffer solution, submerge both pH (Idronaut) 

electrodes in the beaker for at 5 minutes swirl the beaker from time to time. 
Discard the buffer solution and rinse the falcon tube with DI water. 

6. Clean both pH electrodes with deionized water  
7. Submerge both pH (Idronaut) electrodes in the pH 7 buffer solution for at least 5 

minutes swirl the beaker to mixed from time to time. 
8. Clean both pH electrodes and beaker with deionized water  
9. Submerge both pH (Idronaut) electrodes in the pH 10 buffer solution for at least 5 

minutes swirl the beaker to mixed from time to time. 
10. Under the Setup ->Schedule tab, click ‘Stop’ to stop the logger. 

 
11. Under the ‘Download’ tab click ‘Download’ to retrieve the data. After the 

Download, the calibration data should now be displayed in the Plot view. 

 
12. In the Properties view, go to Analysis tab > Calibration tab.  Select the pH sensor 

type from the drop-down list (idronaut). 
13. The ‘Number of Samples’ spinner box should be set to 60. This value is the 

number of sample points Ruskin will average the calibration coefficients for the 
sensor.  
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14. Click on a stable point in the Plot view corresponding to the pH 4 . In the table in 
the first row, under Real Avg, enter 4 and press enter. 

15. Select the check box in the second row in the table, then click on a stable point in 
the Plot view corresponding to pH 7. In the table in the second row, under Real 
Avg, enter 7 and press enter. 

16. Select the check box in the third row in the table, then click on a stable point in 
the Plot view corresponding to pH 10. In the table in the third row, under Real 
Avg, enter 10 and press enter.The new calibration coefficients appear under 
‘Calculated coefficients’. Enter these coefficient in the electronic logsheet as we ll 
as the name of the file used cor calibration. Click the ‘Copy’ button to save the 
new calibration coefficients to the clipboard.  
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17. You now need to store the new calibration on the logger.  
A. Click back on the instrument in the right pane. 

 
B. Go the the  ‘Calibration’ tab to show the current calibration coefficients. 
C. Click on right ‘pH’ under the ‘parameter’ column. Select Paste to selected 

row from the drop-down menu. Click ‘Store calibration’ to write the 
calibration coefficients to the logger. If you do not click Store 
calibration, the coefficients will not be written to the logger, and will 
be lost once your session is closed. 

D. If you need to revert to previous coefficients, click Revert calibration. 
 

18. Under the ‘Set-up->Basic configuration’ click  ‘EasyParse (mobile) compatible 
data storage’. This setting allows you to see the data on the tablet. 

19. Make sure your file is in a safe location and upload it to the dropbox when you 
upload the optics files. 

20. Finally, it is a good idea to try to connect your RBR to the ipad to make sure it will 
connect well for the next day sampling. 

 

You should then calibrate the handheld pH sensor following the document below. 
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APPENDIX I EXPENSES REPORT 

 

The team leader is responsible for paying expenses related to transportation, 

accommodation (average of 200$/night for the entire team), communications, 

equipment, shipping, and other expenses related to field work. The team leader needs to 

keep all receipts and fill the expenses report in order to receive a refund for those 

expenses.  

 

Each team has one Google Sheet document, with one tab per member of the field 

teams. All receipts must be taped or glued to a sheet of paper in chronological order and 

numbered starting from #1. The expenses report requires the following information for 

each expense: date, supplier - description, receipt #, and the amount of money spent 

must be inserted in the proper column according to the category of expense. 

Also fill in all the fields in the expense report, and indicate the dates for the meals you 

took (pay particular attention to the breakfasts as they are sometimes included in your 

accommodation; Fig 20).
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Figure 20 Example of a A) filled expense report and B) receipt to attach with the expense report.  
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APPENDIX J DANGEROUS GOODS  

These are the dangerous goods carried by the field teams at the beginning of the field survey. The amount of each dangerous goods 

changes through out the summer and the shipping document (APPENDIX F) should be updated regularly.  

           
UN Shipping 

name 
Packing 
group 

Concentration Volume 
(per bottle, 
ml) 

# 
bottles 

Total 
volume 
(ml) 

Total 
volume (L) 

Container Label Mass (kg) 

UN 1978 Propane       6     1 lb Propane Gas Cylinder 2.1 3 

UN1170 Ethanol II 95% 4000 3 12000 12 Plastic 4 L bottles (original 
bottle from manufacturer) 

3 12 

UN1170 Ethanol II 70% 120 0 0 0 Specimen cups 120 ml 3 0 

UN 1203 Gasoline II   20000 2 40000 40 Gasoline jerry cans 3 40 

UN 1830 Sulfuric acid 
(H2SO4) 

II 98% 5 20 100 0,1 5 ml glass tubes - specific for 
concentrated acid storage 

8 0,1 

UN 2031 Nitric acid 
(HNO3) 

II 70% 5 10 50 0,05 5 ml glass tubes - specific for 
concentrated acid storage 

8 
(5.1) 

0,05 

UN 1789 Hydrochloric 
acid (HCl) 

II 37% 4000 4 16000 16 Plastic 4 L bottles (original 
bottle from manufacturer) 

8 16 

UN 1789 Hydrochloric 
acid (HCl) 

II 3,7% 4000 0 0 0 4 L plastic containers - used 
acid bath 

8 0 

UN 1789 Hydrochloric 
acid (HCl) 

III 3,7% 40000 1 30000 25 Plastic barrel 8 25 

        
Total weight of dangerous goods (kg) 96,15 

        
Total weight class 2.1 3 

        
Total weight class 3 52 

        
Total weight class 8 41,15 
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APPENDIX K LAKE PULSE FIELD AIDE-MÉMOIRE 

The LakePulse Field aide-mémoire was printed out and laminated. Each field team had two copies. 

This aide-mémoire is a short illustrated document that is fast and easy to use while doing field 

work. It is however not meant to replace the full protocol. Each field team member should read the 

full protocol many times to ensure consistency between the teams.  
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