
Water Science 
Field Trip Guide 

©Environmental Volunteers  
Peninsula Office  

2560 Embarcadero Rd  
Palo Alto, CA 94303  

650-493-8000 
www.EVols.org 
info@EVols.org 

South Bay Office 
1210 Homestead Rd 

Santa Clara, CA 95050 
408-244-2449 
www.EVols.org 
info@EVols.org 

http://www.EVols.org
mailto:info@EVols.org
http://www.EVols.org
mailto:info@EVols.org


 

The Water Science Field Trip Guide was developed with the generous 
support of the Santa Clara Valley Water District. 

First Edition, 2015 

Writers 
Brittany Sabol & Joyce Friedrichs 

Copy Editor 
Sharon Wheeler 



CONTENTS 

WATER SCIENCE CONSERVATION PROGRAM OVERVIEW 2 

PREPARING FOR YOUR TRIP  4 

DAY OF YOUR TRIP 7 

ON THE TRAIL 9 

WATER TESTS AND ENVIRONMENTAL IMPACT 18 

WRAP UP AT THE ECOCENTER 22 

BACKGROUND TOPICS 25 

APPENDIX 33 

TESTING PROCEDURES 35 

LABQUEST 2 TROUBLE-SHOOTING GUIDE 38 

TEST TYPE SUMMARY CHART 41 

TRAIL STRATEGIES   42 

NOTES 44



EV PHILOSOPHY AND MISSION 

Philosophy  
The Environmental Volunteers believes all children deserve to learn about the 
natural world through personal exploration, so they can become responsible 
stewards of the Earth. At the Environmental Volunteers, we believe that what 
children appreciate and love, they will protect. 

Mission and Vision 
Our Mission: To promote understanding of and responsibility for the 
environment through hands-on science education. 

Our Vision: That all children will learn about and be inspired by the natural 
world so that they become responsible stewards of the Earth. 

We achieve this by:  
• Providing hands-on science education 
• Encouraging awareness of the interrelationships between people  

and nature 
• Fostering an attitude of stewardship for the environment 
• Providing knowledge and skills to children so they can make informed 

decisions about the environment 

Water Field Trip Site Guide Objective 
This guide provides EVs an in-depth outline to guide a water-themed field trip 
at the Palo Alto Baylands. It gives a detailed description of the procedures for 
water collection and testing. It also describes how changes in the results of 
each test over time impact the environment. 

Water Science and Conservation Program Overview 
This hike is a follow-up field trip for our Water Science and Conservation 
program. It is designed specifically for 5th grade. Every class that comes on 
this trip has already had a visit from the EVs in their classroom with related 
hands on learning stations.  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WATER SCIENCE CONSERVATION PROGRAM OVERVIEW 

This hike is a follow up field trip for our Water Science and Conservation 
program. It is designed specifically for 5th grade. Every class that comes on 
this trip has already had a visit from the EVs in their classroom with related 
hands on learning stations. 

Learning Objectives 
Students will: 

• Know that an important part of scientific study is taking measurements, 
collecting and analyzing data. 

• Understand that scientists use data analysis to determine if there are 
environmental problems, and then seek ways to mitigate or prepare for 
the problems. 

• Understand the meaning of the five test types (salinity, pH, dissolved 
oxygen, temperature, turbidity). 

• Understand that substantial changes in these measurements over time 
can have a significant impact on the environment. 

Using this Site Guide 
Each group will collect water samples at two specific sites. This guide 
provides information that will help you conduct discussions at each water 
collection site and lead students through the testing. There is a series of 
questions for each collection site with additional information about each test 
in the “Water Test and Environmental Impact” section. The goal is for 
students to come up with their own questions, or be guided through their 
learning through questioning, rather than by the adult telling them  
the information. 

The “Water Test and Environmental Impact” section describes connections 
between the tests students will conduct and the environmental impact due to 
significant changes in those measurements. This is the “Why do we care?”, or 
stewardship, part. It is important to help students make  
these connections. 

Finally, there is a lot of information in this guide. It is intended to help you 
facilitate the field trip, ask thoughtful questions, and provide answers when 
necessary. A good deal of the scientific information is provided as 
background so you can take advantage of teachable moments and answer 
students’ questions. There is no expectation that you will share all or even 
most of the information with students. 
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Baylands Water Field Trip 
Trail map and collection locations
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Directions: 

Student drop off - From Hwy 101 exit on Embarcadero Road and go East (towards the bay). Continue to the stop sign 
at the T-intersection. Turn left. Proceed past the EcoCenter to the parking lot near #3 on this map. 

Student pick up - Just outside the EcoCenter, the boat shaped building on the left. For loading and unloading, park on 
the road in front of the building. 

Extended bus parking - From the student drop off, return to the parking near #5 on this map. It is a large gravel lot.
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Water collection locations

Water Treatment 
Outflow Pipe
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Duck pond

Boat Dock



PREPARING FOR YOUR TRIP  

What the Staff Does 
The School Programs Manager will reserve the EcoCenter’s Fenwick Hall for 
the final portion of the trip. 

What Each EV on the Trip Does 
Before the Hike 

• Each EV should prepare his/her own field trip pack. This includes:  
- Yellow laminated emergency procedure card  
- Water bottle  

• Familiarize yourself with the types of tests students will conduct, the 
environmental impact of changes to each of the test criteria, the test 
sites, and background information (information below and toward the 
end of this guide). 

• Make sure you understand how to use LabQuest 2 and the probes. If 
you are unsure, arrive early to familiarize yourself with the equipment. 

Day of the Hike 
All EVs meet at the EcoCenter to pick up materials. This includes: 

• One field trip backpack with Walkie Talkies and the first aid kit 
• One water backpack for EACH EV with: 

- 2 water collection bottles (one blue top, one green 
top) 

- Probe ware (1 clear box, 1 blue box, hydrometer) 
- Clipboard with data collection sheet and china 

marker (aka wax pencil) 
- Baylands map 
- LabQuest 2 Operating Instructions and 

Troubleshooting Guide. 
- Towel 

• One LabQuest 2 and a carrying case; put it in your bag 
• Water gathering device(s). See information below to 

determine your assigned site. Collection at: 
- Boat Dock and Interpretive Center – 1 short 

extendable pole(5 ft.) 
- Duck Pond and Lagoon – 1 long extendable  

pole (12 ft.) 
- Trail to EcoCenter and Sewage Treatment 

Outflow Pipe – 1 short extendable pole (5 ft.) and 
1 modified fishing pole, both in one carrying case 

 
Notes 
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• The two assigned collection sites are labeled 
on the tag of your water backpack. This is 
where you should collect and test* your 
water samples. Please go to the collection 
sites in the order listed on the backpack tag 
so that groups will not double up at the 
sites. While all students will not visit the 
same test sites, they will have equivalent 
experiences.  

• There is a detailed explanation of how to 
collect samples and conduct the tests using 
Labquest 2 toward the end of this guide in 
the “Testing Procedures” section. 

* Be sure to test the temperature right away as 
those measurements will change over time. You 
may conduct the other tests at some point in the 
field trip (a picnic table or bench works well), or 
conduct them when you return to the EcoCenter. 
The advantage of testing at the EcoCenter is that it’s easier to read the screen 
of the LabQuest 2 inside, and handling the materials may be easier inside. If 
you test at the EcoCenter, arrive 10-15 minutes before the allotted half-hour 
data recording and discussion time. 

Trail Overview 
There are the six paired sites where students will sample water: 

• Boat Dock and Interpretive Center 
• Trail to the EcoCenter and Sewage Treatment Outflow PipeDuck  
• Pond and Lagoon (west side of levee between Interpretive Center and 

Sewage Treatment Outflow Pipe) 

Timing 
The collecting and testing should take approximately 1½ hours. The last 30 
minutes of the two-hour trip will be spent at the EcoCenter recording and 
sharing data. Please be sure to be back at the EcoCenter after 1½ hours, even 
if you need to skip a test site or reduce the number of tests you do on a water 
sample. It is important that everyone arrives at the EcoCenter on time. Arrive 
earlier if you’re going to conduct your water testing at the EcoCenter. 

Questioning Strategies 
The following section includes questions that you can use to guide the 
discussion at each test site. These are suggestions; you can also use your own 
questions. Remember that the goal is for students to actively engage in 
questioning and information sharing. Only tell students an answer to a 
question if they clearly don’t know it. 
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To more effectively facilitate the discussion, ask follow up questions to probe 
further into students’ reasoning and to dig a bit deeper into the subject. Here 
are some sample follow-up questions. Be sure to give students “wait time” to 
think about their answers. 

 Why do you say that? 
 How do you know? 
 Do you agree or disagree with your classmate is saying? 

Why or why not? 
 Do you have other thoughts or ideas about this topic? 
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DAY OF YOUR TRIP 

When the Bus Arrives  
The Team Coordinator greets the teacher and helps coordinate pairing a 
group with their EV. You will meet in the parking lot for the Baylands 
Interpretive Center (same as Baylands Ecology Hikes). 

Orienting your Group (take no more than 5 minutes) 
Always start your trip by introducing yourself and setting up your 
expectations with your group. Brief your adult chaperone: 

• Thank you for coming. Your help is needed to make this field trip fun 
and safe. I hope you will enjoy yourself, too. 

• When we walk down the trail, I will take the lead to show everyone 
where we are going. I need you to take up the rear to make sure we 
don’t have any stragglers. 

• Today is a fun day for students. You are welcome to ask questions, but 
please let students ask their questions first. (Don’t be afraid to remind 
the parent of this point if she/he starts dominating the conversation.) 

This is more of a collection, testing, and analysis field trip than a traditional 
nature hike. Take advantage of your time on the trail to discuss the various 
tests students will perform (temperature, dissolved oxygen, turbidity, pH, 
salinity). Try to make this as interactive as possible. You can use the “Walk 
and Talk” approach. For example, ask students what “temperature” means. 
Have them discuss it with a partner, and then ask students to share what 
they discussed.  
 
If you have time, talk about the history of the 
Baylands and how decisions made over time, such 
as building and then removing the yacht harbor, 
building the levees, creating the duck pond, etc. 
have shaped the ecology of the Baylands (this 
information is in the Background section of the 
guide). Discuss these changes in terms of their 
impact on water ecology at the Baylands. 
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Welcome 
How many of you have been to the Baylands before? What did you learn or 
discover when you were here? Today may be a bit different from your other 
trips to the Baylands. Our focus will be water. We will use some special and 
very cool instruments to take a variety of measurements. Get ready for a very 
exciting day! 

What general rules should we keep in mind today? (Include staying on the 
trail as much as possible, listening to the leader, being very careful when near 
the water, being respectful of the animals and each other, asking good 
questions, participating in discussions.) 

• When walking down the trail, stay behind me because I know where we 
are going. 

• Pick a name for your group. (Give students some guidelines, such as 
picking a color and an animal, e.g., The Purple Avocets.) 

All groups are conducting the same tests, but groups will do the water 
collection at different sites. Once your group has collected a sample, measure 
the temperature, as that will change over time. You can conduct the 
remaining tests once you get back to the EcoCenter because it is easier to see 
the screen on the LabQuest 2 inside. Be sure to ask students to predict which 
sample will have a higher or lower reading based on what students learn 
about the test sites. 
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ON THE TRAIL 

Where the water at the Baylands comes from and where it goes 
Use the map of the Baylands (it’s in your backpack) for the part of the 
discussion about the water you see. Point out the fresh water flowing into San 
Francisco Bay via San Francisquito Creek. Have this discussion at a spot 
where you can see much of the water that surrounds the Baylands. 
 

Palo Alto Baylands1 

Questions 
Trail Note: At some point, note the water 
flowing in or out of the lagoon and 
briefly talk about tides. 

• Look around you. What do you 
see? (Students describe the 
landscape and should note that 
there is a lot of water.) 

• Most of the water you see comes 
from San Francisco Bay. Now look 
at the hills to the west. When it 
rains, what do you think happens 
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to the rain that falls on the hills and the flatlands? (The rain flows into 
streams and then into creeks. It eventually flows into San Francisco Bay. 
One large creek, San Francisquito, flows into the Bay close to us. All of 
the streams and creeks together make up a watershed. Show students 
where San Francisquito Creek flows into the Bay on the map. Expand 
your discussion of watersheds if there is time.) 

• Do you think the water in San Francisquito Creek is fresh or salty? What 
about the water in San Francisco Bay? What about the water where the 
creek meets the Bay? Why do you think that? 

• What do you think is the best way to protect a watershed? (In order to 
protect a creek or river, we must protect the whole watershed. We need 
include aquifers, wetlands, groundwater, marshes, streams, estuaries, 
forests, fields, and upland areas because all parts of the watershed 
depend on other parts.) 

 

San Francisco Bay Watershed2 
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Introduction to Testing 
Student Briefing 
Tell students they will use special equipment to measure the water 
temperature, pH, turbidity, salinity, and dissolved oxygen. Ask how many have 
used instruments to measure water before. Tell them that when they finish, 
they will know all about them! 

Ask students why they think scientists take water measurements on a regular 
basis. What do they learn? Emphasize that what’s most important is not an 
individual test, but measuring changes over time. Here is an analogy that 
might help students understand the value of regular testing and analysis. Talk 
about a monitoring a person’s health based on a sneeze. One sneeze might 
mean that the person has dust in her nose and it’s a one-time occurrence. Or, 
she might have allergies and sneeze often during part of the year, indicating 
that she is not ill, just allergic. Many sneezes over a several days, combined 
with a cough or fever, may mean that the person has a bad cold or the flu. So, 
one piece of data does not provide a complete picture, however a collection 
of data, noting its changes over time, can paint a more accurate picture of a 
person’s health. 

Tell students that we will be able to look at some accumulated data after we 
do the testing and look for changes. When you get to your second test site, 
have the students predict how those water tests might be different from your 
first test location. 
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Water Collection Sites 
Boat Dock 
Trail Note: Walking to the ramp and dock would be a good time to tell 
students about the yacht harbor, why it was removed (environmental factors 
and cost of dredging) and the pros and cons of having a yacht harbor here. 
Questions 

• What questions do you have about water in this part of the Baylands? 
• What do you think goes on here? 
• What happens when the tide comes in or goes out? Are people still able 

to launch their boats? (The dock moves up and down with the tide.) 
• How might our water test results be different from another place we’ve 

tested or will test? Why? (Answers might include colder temperature 
because the water may be deeper–depending on the tides–than at the 
Interpretive Center.) 

• What might warmer water over time mean for San Francisco Bay? (The 
increased temperature would impact plants and animals that live in the 
Bay. It could also affect the water level because warm water expands 
when it heats up, adding to sea level rise. Note: Sea level rise is caused 
by thermal expansion, melting of land ice–glaciers, polar ice caps and, 
melting of ice sheets in Greenland and Antarctica.) 

 

High tide       Low tide 
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Interpretive Center 
Questions 

• Do you think the water level here is the same at all times or does it 
change? Why do you think that? 

• At high tide the water can come up close to the levee, while at low tide 
there is very little water in this spot. How do you think the tides might 
impact water testing, specifically turbidity, dissolved oxygen,  
and temperature? 

• Do you think the water may be saltier than at the boat dock? Why or 
why not? (It depends on the tide; during low tide on a warm day the 
water might evaporate, so it may be saltier than it would be during  
high tide.) 

• How might the way you scoop up your sample impact the turbidity 
measurement? (If you scoop up a lot of mud with the water, it may be 
more turbid than if you scooped up only water, unless you give the mud 
time to settle.) 

 Note: We want to avoid muddy samples. 
• How do living things in the area, especially the plants, adapt to the rise 

and fall of the water as the tides come in and go out? 
• What might happen to this area if the sea level rises due to  

global warming? 
• How may significant changes to temperature alter the dissolved oxygen 

level, and therefore impact animals living in the marsh? (Explain the 
meaning of dissolved oxygen if you haven’t already done so. There is 
less dissolved oxygen in warm water than in cold water.) 

Baylands Interpretive Center 
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Trail to the EcoCenter 
Trail Note: If it’s low tide and you can’t find enough water to sample by the 
time you get to the path on the right that goes to the road, head to the Duck 
Pond and obtain a water sample there.  
Questions 

• Do you think the water level here is the same at all times?  
Why or why not? 

• When the tide is high, it can come up to the road. At extremely high 
tides, the water can flow over the road! At low tide, the water is very 
shallow. How might the change in the depth of the water impact the 
tests for turbidity, dissolved oxygen, and temperature? 

• How might the water here be different from the water at the sewage 
treatment outflow pipe? Trail Note: Ask this question only if you’ve 
already been to the sewage treatment outflow site. 

• We are standing on the Bay Trail. When it’s complete this walking/bike 
trail will encircle San Francisco and San Pablo Bays. Why do you think 
people would build a trail around the Bay? 

• This area used to be a harbor where ships were stored and where 
people sailed or motored their boats into the Bay. The Environmental 
Volunteers building used to be the home of the Sea Scouts, a group of 
scouts that launched boats from the building. Do you think this was a 
good use of this area? Why or why not? 

• What are the trade-offs between having a yacht harbor and a marsh 
right here? For plants and animals? For people? 

Trail to the EcoCenter – water sampling site 
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Sewage Treatment Outflow Pipe  
Trail Note: If students ask, sewage treatment is the process of removing 
contaminants from wastewater, primarily from household sewage. The 
procedure includes physical, chemical, and biological processes to remove the 
contaminants and produce environmentally safe treated wastewater. This 
waste water is generally not potable water, but can be used to water plants. 
Questions 

• What questions do you have about this area and the water here? 
• Do you think this is fresh or salt water coming from the pipe? Why? 
• Look left. Where do you think this water is coming from?  (Sewage 

Treatment Plant) 
• How might the water from this pipe impact the salinity or this water as 

it flows into the Bay? What about the dissolved oxygen? (Once the Bay 
water mixes with the outflow water, it is less salty than other Bay water. 
The flow rate of the water coming from the pipe might increase the 
dissolved oxygen because it flows like a rushing stream, hence 
increasing the dissolved oxygen. The dissolved oxygen may also vary 
due to the outflow water temperature.) 

• This water used to be sewage, but now it is clean. Is it a good or bad to 
put this water into the Bay? Why? (By putting clean water into the Bay 
instead of polluted water we are protecting the Bay and helping to keep 
it clean. But the amount of fresh water is more than natural. How does 
that impact the Bay?) 

• What impact might the sewage treatment outflow have on the 
environment? On plants? On animals? 

Sewage treatment outflow pipe 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Duck Pond 
Questions 

• Easy question: Is the duck pond natural or made by people? 
• Do you think it has fresh or salt water? Why do you think that? (salt) 
• Look around at the water you can see other than at the duck pond. All 

of that water is connected to San Francisco Bay and is subject to the 
twice-daily inflow and outflow of water due to the tides. How might the 
lack of inflow and outflow impact the water quality in the duck pond? 
How might measurements at the duck pond differ from test sites that 
are subject to the tides? (Readings might vary or be more consistent at 
different times of the day and year; it may be saltier or less salty than 
the Bay water; the water quality might diminish and the water might 
become dirty and stagnant, especially in the summer.) 

• The pond was not initially designed for birds. What do you think its 
original purpose was? What makes you think that? (salt-water 
swimming pool) 

• Why would people want a salt-water swimming pool? 
• Do you think people should be allowed to feed the ducks? Why? Why 

not? (This is a good opportunity for a debate and discussion about the 
pros and cons of feeding wildlife–health of the birds vs. making a 
connection with nature. It is illegal to feed the birds at the Baylands.) 

 

Duck Pond 
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Lagoon 
Trail Note: This is a good time to talk about the changes people made to this 
area when they built the levees, and why they made those changes (see 
information in Background section). 
Questions 

• This water is impacted by the tides. Can you point out where the water 
comes in and goes out of this lagoon? (The ease of seeing the inflow/
outflow pipes will depend on the tide and water level.) 

• What are the advantages or disadvantages of being subject to tidal flow 
for plants, animals, and the general health of the lagoon? (The flow of 
water twice per day cleanses the water, brings in nutrients, and creates 
a variety of feeding opportunities for birds.) 

• How might the tidal flow impact the tests results, especially for 
temperature, dissolved oxygen, and salinity? 

• Close your eyes and pretend that it’s about 100 years ago. Where you’re 
standing now is marshland. As a matter of fact, the marsh extended 
about to where the Bayshore Freeway is. How many of you knew that? 

• Now look around and think about all the changes people have made to 
the Baylands since then. Tell a few of those changes to the person next 
to you. (Have a few students share some of the changes. ) 

• Why do you think someone would make these changes, including 
building this levee? 

• Why you think that this lagoon is here? (See the Background section.) 
What makes you think that?  

• Do you think that changing a marsh by building an airport, yacht harbor, 
golf course, levees, and lagoon helps or hurts the environment? (Try to 
have a discussion that goes beyond the idea that it hurts the 
environment and talk about the benefits the airport, golf course, and 
yacht harbor provide for people. Also, some of the existing plants and 
animals are here because of those changes.) 

Lagoon 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WATER TESTS AND ENVIRONMENTAL IMPACT 

Discuss the tests students will conduct as you’re walking along the trail. Be 
sure to ask students the “What is it?” and “How does it impact living things?” 
questions below and remind them that we are focused on water. If they don’t 
know, give them hints before providing the information.  

Begin by asking students, why is it important to learn about our water? 
(Changes can indicate problems we can try to solve, or we can attempt to be 
prepared for the consequences. Example: we test to find out how much 
precipitation has fallen and the snowpack depth to figure out if we have 
enough water to meet our needs.) 

Temperature 
What is it? (Hint: We can feel this all around us.) 
Temperature is how warm or cool something is measured on a comparative 
scale. The rates of biological and chemical processes depend on temperature. 
If temperatures are outside the optimal range for a prolonged period of time, 
organisms are stressed and can die. Some causes of temperature change 
include weather, removal of shading vegetation, discharge of cooling water, 
urban storm water, and groundwater inflows. 

How does it impact living things? 
• Temperature is a major influence on biological activity and growth. 
• It determines the kinds or organisms that can live in bodies of water. 
• Temperature is important because it influences water chemistry; the 

rates of chemical reactions generally increase at higher temperatures. 
• Warm water holds less dissolved oxygen than cool water, which may 

determine if specific species can survive. 
• Water temperature impacts the rate of photosynthesis by aquatic 

plants, the metabolic rates of aquatic organisms (increased temperature 
make them breathe faster and digest food faster), and the sensitivity of 
organisms to toxic wastes, parasites and disease. 

• Aquatic organisms (plants and animals) depend on certain temperature 
ranges for optimum health. 

Salinity 
What is it? (Hint: It relates to salt and water.) 
Salinity is the saltiness or dissolved salt content of a body of water (or soil). 
Salinity is usually measured in parts per thousand (ppt). The average ocean 
salinity is 35ppt and the average river water salinity is 0.5ppt or less. This 
means that in every kilogram (1000 grams) of seawater, 35 grams are salt. 
Because the water in estuaries is a mix of fresh water and ocean water, the 
salinity in most estuaries is less than the open ocean. The salinity of San 
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Francisco Bay varies dramatically in 
different places in the Bay, in different 
seasons and in different years.3 

How does it impact living things? 
• Only plants and animals that are 

specifically adapted to living in 
salty environments can survive 
under those conditions. If too much 
salt seeps into soil or water, it can 
impact the plants and animals that 
live there. 

• Salt water encroaching fresh water 
can impact fresh water supplies. 

• With global warming, rising sea 
levels could make fresh water more 
salty further inland, impacting agriculture and aquatic species.4 

 
Turbidity 
What is it? (Hint: Turbid means cloudy.) 
Turbidity is a measure of water clarity, or how 
much the material suspended in water decreases 
the passage of light through the water. Turbidity 
makes the water cloudy or opaque. Rainstorms 
impact turbidity when particulate matter from 
surrounding land is washed into a river. 
Microscopic plants and animals, chemicals, and 
suspended sediments can also cause turbidity. 
Turbidity can be caused by suspended clay or silt, 
finely divided organic and inorganic matter, 
eroded soil, chemicals, plankton, microscopic organisms, and even physical 
effects such as wind riffling the surface of the water. 

How does it impact living things? 
• Transparency of the water determines how far light will penetrate into 

the water. 
• The more transparent the water, the deeper the microscopic plants that 

are the basis of the food chain can grow. 
• Typically, turbidity will increase sharply during and after a rainfall, which 

causes sediment to be carried into a creek or river. 
• Elevated turbidity will raise water temperature and lower dissolved 

oxygen, preventing light from reaching aquatic plants, which reduces 
their ability to photosynthesize; it can also harm fish gills and eggs. 

pH 
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What is it? (Hint: It has to do with acidity and alkalinity.) 
pH is a measure of the acidity or alkalinity of a solution. It is based on a 
scale of acidity from 0 to 14, with 7 being neutral between acidic and alkaline 
(or basic) substances. More acidic solutions have lower pH; more alkaline (or 
basic) solutions have higher pH. The scale increases by a power of 10 moving 
from number to number. Water with a pH of 5 is ten times more acidic than 
water having a pH of 6. Some common acidic substances are lemon juice, 
vinegar. Some alkaline substances are soap, toothpaste, and baking soda.  
Note: When explaining pH to students, compare the scale to something 
familiar like a temperature scale (even though the scales do not function 
exactly alike). Say that the scale allows people to compare substances based 
on how acidic or alkaline they are, just like a temperature scale provides a way 
to compare hot and cold temperatures. 

How does it impact living things? 
• Pollution can change water’s pH, 

which in turn can harm plants and 
animals living in the water. 

• Acid in rain (or snow) is created 
when sulfur dioxide and nitrogen 
dioxide (byproducts from burning 
fossil fuels) react with water and 
atmospheric oxygen to produce 
sulfuric acid and nitric acid. Acid 
rain can harm plants and animals. 
Most acid rain occurs in the 
eastern United States, but it can 
fall in the mountains of the west. 

• Large bodies of water such as lakes and oceans have very 
little pH fluctuation, making fish intolerant of swings. 

• Hundreds of lakes in North America and Scandinavia have become so 
acidic (below 5 on the pH scale) that they no longer support frogs or 
fish. 

• In North America, half of the high mountain lakes in the Adirondacks no 
longer have fish because of high acidity. 
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Dissolved Oxygen 
What is it? (Hint: It’s not the oxygen in the water molecule.) 
Dissolved oxygen is the amount of oxygen gas molecules (O2) dissolved in a 
body of water. Its concentrations vary depending on water temperature, 
turbidity, time of year, wind, salinity, and several other factors. Plants and 
animals cannot directly use the oxygen that is part of the water molecule 
(H2O); instead they depend on dissolved oxygen for respiration. Most oxygen 
enters bodies of water from the surrounding air; a small portion is a product 
of photosynthesis from aquatic plants. Water temperature impacts the 
amount of dissolved oxygen. The colder the water, the slower the water 
molecules move, so more free oxygen is able to stay in the water. As the 
temperature rises, water molecules move faster and bump some free oxygen 
atoms into the atmosphere, lowering the dissolved oxygen level. 

Note: This may help students understand dissolved oxygen: Most students 
know that oxygen is O2 and carbon dioxide is CO2, and that we can’t use CO2 
to breathe even though it has the O2 in it. Similarly we can’t use the O in H2O 
because it isn’t the O2 we use. So there is actual O2 that is dissolved in the 
water and the aquatic life breathes that element. 

How does it impact living things? 
• Aquatic species must have oxygen gas to live, like other animals. 
• Rapidly moving water, such as a mountain stream or large river, tends 

to contain a lot of dissolved oxygen, while stagnant water  
contains little. 

• Bacteria in water can consume oxygen as organic matter decays. Thus, 
excess organic material in our lakes and rivers can cause an oxygen-
deficient situation to occur. 

• Aquatic life can have a hard time in stagnant water that has a lot of 
rotting, organic material in it, especially in summer when dissolved-
oxygen levels are at a seasonal low. 

• The amount of dissolved oxygen in water has daily and  
seasonal cycles. 

• Because dissolved oxygen in surface water is used by all forms of 
aquatic life, it is typically measured to assess the "health" of lakes  
and streams. 
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WRAP UP AT THE ECOCENTER 
 
Assembling Information 
Preparing touchscreens for data entry 
(only 1 or 2 people will need to do this) 

1. Turn on the Change and the  
Sea screen. 

2. Connect a USB keyboard (found in 
the credenza in Fenwick Hall). 

3. Press the 3 marked keys (option + 
command + P). 

4. In the pop-up window: 
a. Tap “Interface” 
b. Tap “Display controls…” 
c. Close pop-up window 

5. Tap Quit. 
6. On the desktop double click Safari. 
7. On the bookmark bar, click “Water FT Data Entry”. 

Entering data 
1. Tap on “Enter Data”. 
2. Tap on “Nature Bridge Olympic Water Quality” then tap “Next”. 
3. Select one of your testing stations from the “My Stations” drop down 

menu, then tap “Next”. 
4. Enter your data for that station in the appropriate fields. Note: 

a. You will not use all of the fields. 
b. For water temperature, be sure to enter the correct units (all 

other units will already be correct). 
5. Tap on “Save”, then tap “No” – do not save an image of the data. 
6. Tap on “Select Station”, repeat steps 3-5 for your second set of data. 

Discussion Topics 
Note: Use your judgment as to whether to conduct all of the discussion in the 
small groups, or to have a small group discussion and then a large group 
discussion. Tip: To get a small group into a circle, ask them to stand in a “foot 
circle” where each person’s foot is touching the person next to his/her foot. 
They can then sit down. 

Viewing Data Graphs 
1. Tap on “Home” 
2. Tap on “My Graphs” 
3. Select a graph from “My Saved Graphs” 

Note: graphs using longitude let you see data by station. For a list of 
station longitudes, see the back of the trail map in the backpack. 
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What Data Might Mean 
Now that we have collected our water data, how can we use that information 
to learn more about the ecological health of the Baylands? Here are some 
questions to consider: 

• What would we need to do to make some general assumptions based 
on our data? (Compare it to data collected by others.) 

• Would some of the results change at different seasons? What about 
during the winter when it rains? What about during the summer when 
it’s very dry? What about when the water temperature varies? 

• What could we learn about the water at the Baylands if we compared 
data over one year? Five years? Ten years? 

Analyzing Data 
Ask students to look at specific data and make assumptions based on that 
data. Ask questions such as: 

• What trends do you see? 
• What data do you see that doesn’t fit with other data, or that  

stands out? 
• What do you think is the reason for this inconsistent data? 
• What assumptions can you make based on the data? 
• What conclusions should you NOT draw based on this data? 
• What would make this data more reliable? 
• What is the value of recording this data? 

Data Collection Process 
• What do you think about our data collection process? 
• Do you think that if we went out tomorrow or in a week and took 

samples, our results would be the same? Similar? Quite different? 
• How do you think scientists account for variables/inconsistencies in 

their data? 

Water and Human Impact 
Discuss some of the following topics. Possibly do a pair/share by asking 
students to spend a few minutes sharing their ideas with the person next to 
them. Then, as a whole group, ask a few students to recount what they 
discussed. (Note: This is an approach that allows many students to express 
their ideas.) 

• How is water vital to our lives and to all living things? (Answers might 
include drinking, cooking, cleaning, food supply, ecological  
balance, etc.) 

• How does lack of water, such as a drought, impact our lives? 
• How have people changed the environment, including the ecosystems, 

at the Baylands? 
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• Why have people made so many changes at the Baylands? (Sometimes 
we don’t understand our impact, and sometimes what we value changes 
over time.) 

• What can we personally do to have a positive impact on our water 
supply and our environment? (Use less water, pick up litter, recycle, 
take things to a household hazardous waste center, respect wildlife, 
share our concern for the environment with others, etc.) 
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BACKGROUND TOPICS 

Global Warming and Increased Water Temperature 
As climate change has warmed the Earth, oceans have responded more 
slowly than land environments. But scientific research is finding that marine 
ecosystems can be far more sensitive to even the most modest temperature 
change. When water heats up, it expands. Thus, the most readily apparent 
consequence of higher sea temperatures is a rapid rise in sea level. Sea level 
rise causes inundation of coastal habitats for humans as well as plants and 
animals, shoreline erosion, and more powerful storm surges that can 
devastate low-lying areas. 

Many weather experts say we are already seeing the effects of higher ocean 
temperatures in the form of stronger and more frequent tropical storms and 
hurricanes/cyclones. Warmer surface water dissipates more readily into 
vapor, making it easier for small ocean storms to escalate into larger, more 
powerful systems. These stronger storms can increase damage to human 
structures when they make landfall. They can also harm marine ecosystems 
like coral reefs and kelp forests. And an increase in storm frequency means 
less time for these sensitive habitats to recover. 

Warmer sea temperatures are also associated with the spread of invasive 
species and marine diseases. The evolution of a stable marine habitat is 
dependent upon many factors, including water temperature. If an ecosystem 
becomes warmer, it can create an opportunity in which outside species or 
bacteria can suddenly thrive where they were once excluded. This can lead to 
forced migrations and even species extinctions.5 

Role of Water in our Ecosystem 
Water is essential to life since every living cell of every living thing needs 
water for sustenance. Without water an ecosystem would not exist. Water 
determines the distribution, structure, and function of organisms in the 
ecosystem. Water supports both plant and animal life. Water allows for 
healthy ecosystems, and healthy ecosystems are ultimately important  
for people. 

Some plants and animals prefer salt water while others prefer fresh water. All 
of the plants at the Baylands whose roots touch the water need to be able to 
survive in salty water. They are called halophytes. Examples are cord grass, 
salt grass, and pickleweed. Salt marsh plants grow in zones, depending on the 
saltiness of the soil as well as the frequency and duration of submersion under 
salt water. Plants like coyote brush, sticky gum flower, and fennel need to be 
able to survive in a salty environment, but they absorb fresh rainwater from 
the soil and are not covered by tidal waters. 
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While most birds are able to fly to different locations, the birds we see 
feeding along the shoreline and in the Bay are adapted to eat saltwater 
inhabitants. The terrestrial animals that live in the marsh, such as the salt 
marsh harvest mouse, are adapted to survive in a saltwater environment. In 
contrast, animals such as ground squirrels thrive at the Baylands, but are not 
saltwater dependent; they can live in other areas. 

San Francisquito Creek and Watersheds 
San Francisquito Creek begins at the confluence of Bear Creek and Corte 
Madera Creek, just below Searsville Lake in the Jasper Ridge Biological 
Preserve, which is in Portola Valley. The headwaters of the San Francisquito 
watershed are in the Santa Cruz Mountains above Menlo Park, about 667 
meters (2,188 ft.) above San Francisco Bay. The upper watershed consists of 
at least 22 named creeks. The watershed is about 110 square kilometers (42 
sq. mi.) in extent, including areas of San Mateo and Santa Clara counties. The 
creek serves as the boundary between San 
Mateo and Santa Clara counties.7 

This water is part of the San Francisco Bay 
watershed. A watershed is an area of land 
that captures water in any form, such as 
rain, snow or dew, and drains it to a 
particular stream, river or lake and 
eventually into the ocean. All land is part 
of the watershed for some creek stream, 
river or lake. Some watersheds are 
immense; others are quite small. The San 
Francisco Bay watershed is huge! It’s an 
area of 7,723 square kilometers (2,982 
square mi.) and includes the majority of 
California as well as part of Oregon. 
Because all water in a watershed 
eventually drains into the same creek, 
river, lake or bay, everyone in the 
watershed is connected through the water 
we use for drinking, recreational activities, 
and industries. No matter where you are, 
you are in a watershed!  

San Francisquito Creek Watershed8 

Tides 
Tides play a significant role in the living and ever-changing nature of the 
Baylands. They create the constant movement of bay waters, which affect 
every plant and animal in this ecosystem. The tides are caused by the 
gravitational pull of the moon and the sun, with the tidal range changing in a 
regular pattern as the moon circles the earth every 28 days. A lunar day is 24 
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hours and 50 minutes, so every lunar day creates nearly, but not quite, two 
unequal high and two unequal low tides each earth day. 

The interval between high tide in the morning and the high tide in the 
afternoon or evening is 12 hours and 25 minutes. So if high tide today was at 
6:00 AM, the next high tide will be at 6:25 PM, then again at 6:50 the next 
morning and 7:15 that evening and so on. The same interval is true for low 
tide. 

Events in nature such as strong winds and high or low barometric pressure 
affect tides. They're also affected by the configuration of the sea floor, the 
total mass of water in a bay, and the shape of the channels through which it 
flows. The tidal pattern in the nearly enclosed basin of the southern San 
Francisco Bay causes the water to slosh back and forth, like water in a 
bathtub, raising the tidal range at the extreme southern end to 8.5 feet. 

Water Quality 
Water quality refers to the chemical, physical, biological, and radiological 
characteristics of water. It is a measure of the condition of water relative to 
the requirements of one or more species and/or to any human need or 
purpose. Water quality is most frequently referenced to a set of standards 
against which compliance can be assessed. The most common standards used 
to assess water quality relate to health of ecosystems, safety of human 
contact, and drinking water. 

To ensure that tap water is safe to drink, the U.S. Environmental Protection 
Agency (USEPA) and the California Department of Public Health (CDPH) 
prescribe regulations that limit the amount of certain contaminants in water 
provided by public water systems. CDPH regulations also establish limits for 
contaminants in bottled water that provide the same protection for  
public health. 

Ecosystems also require good quality water. Pollutants like oil, detergents, 
nitrogen, lead, and phosphate from fertilizers can have a tremendous impact 
on the ecosystem, especially if the water gets polluted. In a lake, for example, 
pollutants can wreak havoc on the ecological balance by stimulating plant 
growth and causing the death of fish due to suffocation resulting from lack of 
oxygen. Salt marshes are at the bottom of the watershed, just before the 
water flows into the bay. Therefore, they accumulate all of the pollutants from 
the entire watershed, which may have toxic effects on flora and fauna. 

There are a number of different measurements we can take to assess water 
quality. Very sophisticated tools are needed to get accurate measurements of 
some aspects of water quality. Today, our tools will give us an idea of each 
measurement, but they will not be as accurate as a professional scientist 
might make.  
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History of the Palo Alto Baylands 
Before 1920, the Palo Alto Baylands looked very different from the way it 
looks today. At that time, the city of Palo Alto decided it wanted to “reclaim” 
some of its marshland along the Bay. Reclaim means to destroy the marsh 
and develop the land. The intent was to build a garbage dump, a commercial 
development, a sewage treatment plant, an airport, a flood control area, and a 
golf course on the City’s 1,900 acres of land to the east of what is now the 
Bayshore Freeway. Reclamation in the Palo Alto Baylands consisted of 
dredging up marsh and using it 
to build dikes and levees and fill 
other marshlands. 

No one knows just how much 
salt marsh was lost in the Palo 
Alto Baylands because of filling. 
In the early 1930s, marsh was 
destroyed to build a salt-water 
swimming pool (currently the 
duck pond). Due to siltation it 
was converted to a bird refuge in 
1947. A salt-water lake (the 
lagoon) and the now closed 
yacht harbor and its access 
channel were also created. Dredging of the former yacht club, duck pond, and 
lagoon produced landfill for the filling of marshlands to construct the Palo 
Alto Airport (opened in 1940) and Municipal Golf Course (opened in 1956).6 

The Palo Alto Yacht Harbor opened in 1928 and was closed in 1986. When San 
Francisquito Creek was re-routed to gain more land for the golf course, the 
ecosystem of the harbor was drastically altered and constant dredging was 
required to keep it open and free of silt. Eventually the cost of maintenance 
was more than the City of Palo Alto could bear. There was also pressure to 
close the harbor for environmental reasons. 

The EcoCenter was built in 1941 as a Sea Scout base. When the yacht harbor 
was closed in 1986, the Sea Scouts moved to a new location and the building 
was abandoned. It fell to significant disrepair and flooded regularly. In 2004, 
the EV and the City of Palo Alto agreed to a 40-year lease if the EV renovated 
the building. The transformed EcoCenter opened in 2012. 

The Bay Trail 
The Bay Trail, which crosses the front deck of the EcoCenter, is part of a 
recreational corridor that, when complete, will encircle San Francisco and San 
Pablo Bays with a continuous 500-mile network of bicycling and hiking trails. 
It will connect the shoreline of all nine Bay Area counties. Over 67% of the Bay 
Trail’s ultimate length has been completed. 
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Scientific Method/Fieldwork 
Why Fieldwork is Important 
Fieldwork helps scientists better understand the Earth’s natural environments. 
Scientists are able to document the importance, complexity, and fragility of 
various ecosystems. Fieldwork allows researchers to collect data about the 
dynamic species and natural processes around the world. It enables students 
and researchers to examine the way scientific theories interact with real life. 

Fieldwork is also used to understand how natural environments function. A 
researcher in the field of ecology, for example, may conduct fieldwork to 
understand how specific organisms, such as plants and animals, relate to one 
another and to their physical surrounding. 

From an educational perspective, fieldwork engages students in “authentic” 
activities done by professionals as a first step towards students’ development 
as scientists. It’s an unparalleled opportunity to study the natural world. Field-
based inquiry brings learners into direct experiential contact with the raw 
materials of nature and provides the fundamental platform on which 
hypotheses about our earth are formulated and tested. 

How Scientists do their Work 
Scientists collect information to test new ideas or to disprove old ones. 
Science is a system of organized inquiry into the natural world and its 
phenomena. It is about gaining a deeper and often useful understanding of 
the world. Scientists do this through inquiry, observation, research, predicting, 
experimentation, and analysis.  

Not all scientists go about their work in the same way. One approach is the 
“scientific method,” which follows these steps (steps may vary based  
on source): 

1. Make an observation 
2. Formulate a question 
3. Develop a hypothesis 
4. Conduct an experiment to test your hypothesis 
5. Analyze your data and decide whether to accept or reject  

your hypothesis 
6. Communicate your results 

Other people feel that there is no universal step-by-step scientific method 
that captures the complexity of doing science. Instead, a number of shared 
values and perspectives characterize a scientific approach to understand 
nature. Among these are: 

• A demand for naturalistic explanations supported by empirical evidence 
that are, at least in principle, testable against the natural world 

• Observations 

Water Science Field Trip Guide Page !29



• Rational argument 
• Inference 
• Skepticism 
• Peer review 
• Replicability of work 

Human Impact on the Baylands 
Every living thing has an impact on its environment. Therefore human impact 
on the environment is inevitable. What differentiates us from other species is 
our ability to greatly overburden our environment with very few limits. We will 
use the Baylands as a lens for this discussion. 

Before the 1920s, local citizens had relatively little impact on the Palo Alto 
Baylands. That all changed when John Fletcher Byxbee, Jr., a Palo Alto City 
Engineer (from 1906-1941), proposed the development of the Baylands as a 
park and recreation center. Byxbee envisioned a municipal airport, a salt-
water swimming pool, a yacht harbor and clubhouse, a basin for seaplanes, 
areas for playgrounds, picnic grounds, a golf course, and game reserve. 

Levees were constructed to re-route San Francisquito Creek away from its 
former mouth to a sharp turn north, then to the northeast, before exiting the 
to the Bay. Dredging the former yacht harbor produced landfill for the filling 
of marshlands to construct the Palo Alto Airport and Municipal Golf Course. 
Other projects forever changed the Baylands and its inhabitants. 

Let’s look at how the Baylands has changed over the years. 

Impact on the Land 
• Yacht Harbor and Clubhouse 

– Marshland was destroyed 
to create the harbor; the City 
had to dredge the harbor on 
a regular basis to keep the 
channel open. The Yacht 
Harbor closed in 1986 and the 
area was returned to 
marshland. 

• Airport and golf course – 
Marshlands were dredged to 
create levees and fill in land 
for the airport and golf 
course. The areas that were 
dredged formed the lagoon 
and the duck pond (originally 
built as a salt-water 
swimming pool). 
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Impact on Water  
• The original course of San Francisquito Creek was changed. 
• Marshlands were destroyed and bodies of water were created (the 

harbor, lagoon, and duck pond). 
• The sewage treatment plant now deposits fresh water into the Baylands 

ecosystem, which impacts the plants and animals that live there. 

Impact on Air 
Human activity that involved machines (cars, airplanes) creates air pollution. 
There has been significant human activity at the Baylands since the 1920s. 

Impact on Plants 
The changes to the land, especially the levees, and the sewage treatment 
outflow of fresh water influence the plants that grow at the Baylands. Note 
that the Canada Geese hang out more in the sewage treatment outflow part 
of the Baylands than in other parts. 

Impact on Animals 
The changes to the Baylands over the years have caused some animals to 
become endangered (salt marsh harvest mouse, Ridgway’s rail–used to be 
considered a subspecies of the clapper rail) and some have proliferated due 
to the levees (ground squirrels). We’ll never know what the animal inhabitants 
and their numbers would have been if the Baylands had not been changed so 
much by humans. We just know that it’s different. Also, the presence of many 
people at the Baylands may have caused some animals to be more reclusive 
and others to leave the area for a quieter home. 

Why We Change the Environment 
Humans impact and change their environment for many reasons. Some 
changes are to make areas more accessible and usable for people. That’s the 
case for many of the changes that were made to the Baylands. It’s likely that 
people did not intend to harm the Baylands environment. They felt they were 
improving it so more people could use the land. In the first part of the 20th 
century, people did not realize or value the importance of marshlands. We 
now know that they prevent flooding by holding water much like a sponge. 
They also help to purify the water and provide important habitats for plants 
and animals.  

In the 1960s, there was a proposal to build houses and restaurants at the 
Baylands. Concerned citizens challenged that development and convinced the 
City of Palo Alto that it was important to maintain as much of the natural 
state of the Baylands as possible. Other developments were proposed, but 
citizens persuaded the City of the value of marshlands and open space. Over 
the years, the mindset and values of our population have changed. Now, many 
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people look for opportunities to support the maintenance of open space and 
natural habitats. 

How We Can Have a Positive Impact on Our Environment 
As citizens, we can work to improve our environment. We can: 

• Pick up liter 
• Recycle 
• Deposit household hazardous wastes in the appropriate places 
• Support efforts to improve marshlands and other natural areas 
• Conserve water and other natural resources 
• Reduce pollution by walking and biking rather than driving 
• Work to preserve wildlife 
• Buy food and other goods locally when possible 
• Educate others to have a positive impact on their environment 
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APPENDIX 

Glossary 
Sewage – water-carried waste, in solution or suspension, that is intended to 
be removed from a community 

Sewage treatment – the process of removing contaminants from wastewater, 
consisting primarily of household sewage; it includes physical, chemical, and 
biological processes to remove physical, chemical, and  
biological contaminants 

Marsh – low coastal grassland frequently overflowed by the tide 

Levee – an embankment raised to prevent a body of water from overflowing 

Lagoon – a shallow body of water separated from a larger body of water by 
barrier islands or reefs 

Temperature – a comparative objective measure of hot and cold 

Salinity – the saltiness or dissolved salt content of a body of water 

pH – a number between 0 and 14 that indicates if a substance is an  
acid or base 

turbidity – a description of how light passes through a sample of liquid as a 
measure of how many particles are suspended in that liquid 

dissolved oxygen – microscopic bubbles of gaseous oxygen (O2) that are 
mixed in water and available to aquatic organisms for respiration 

LabQuest 2 – a standalone interface used to collect sensor data with a built-in 
graphing and analysis application 

Celsius – a scale of temperature in which water freezes at 0° and boils at 100° 
under standard conditions 

Fahrenheit – a scale of temperature on which water freezes at 32° and boils at 
212° under standard conditions 

Cuvette – a straight-sided, optically clear container for holding liquid samples 
in a spectrophotometer or other instrument 

Hydrometer – an instrument for measuring the density of liquids 

Water Science Field Trip Guide Page !33



References 
Many of the references in the Notes section have additional information that 
may be of interest.  

Photo Credits 
Cover image - Andrei Sarna-Wojcicki 

Foresters Tern - Caroline Lambert 

Kayak - Judy Kramer 

Palo Alto Baylands Trail Map - http://boulter.com/geocaching/maps/ 

Lagoon and trail next to it: Flickr user Don DeBold  

San Francisco Bay Watershed Map - http://www2.epa.gov/sfbay-delta 

Baylands Nature Interpretive Center: http://redtri.com/san-francisco/the-bay-
areas-best-wildlife-centers-for-kids/ 

Palo Alto Duck Pond - http://www.rhorii.com/PABaylands/PABaylands.html 

Salt Ponds - Judy Irving at Pelican Media 

Canoeing - Judy Irving at Pelican Media 

Boat - Judy Irving at Pelican Media 

EcoCenter - http://media-cdn.tripadvisor.com/media/photo-s/06/49/e7/a9/
the-ecocenter.jpg 

San Francisquito Creek Watershed Map - http://cf.valleywater.org/media/
san_francisquito.gif 

Palo Alto Yacht Harbor: Palo Alto Historical Association  

Palo Alto Yacht Harbor and Sea Scout Building: Palo Alto Historical 
Association  

Sunset - Andrei Sarna-Wojcicki 

All other photos - Brittany Sabol 

Water Science Field Trip Guide Page !34

http://boulter.com/geocaching/maps/
http://redtri.com/san-francisco/the-bay-areas-best-wildlife-centers-for-kids/
http://www.rhorii.com/PABaylands/PABaylands.html
http://media-cdn.tripadvisor.com/media/photo-s/06/49/e7/a9/the-ecocenter.jpg


TESTING PROCEDURES 

Water Collection 
Collecting the sample (all sites except Sewage Treatment Outflow Pipe) – 
extender pole 

1. At your location, have a student extend the pole to its maximum length. 
2. Have a student collect a water sample and pour it into the water 

collection bottle. Repeat process until the collection bottle has at least 
100mL (preferably far more). 

Collecting the sample at the Sewage Treatment Outflow Pipe – modified 
fishing pole 

1. Closely monitor the student who collects the water sample. The bucket 
can easily get caught on the rocks and plants. 

2. Stand on the same path that goes to the Interpretive Center (facing 
east). Move close to the corner where the outflow pipe is situated, away 
from the rocks that are to the right. 

3. Carefully lower the bucket into the water, trying hard not to get it 
caught on rocks or bushes. Reel up the bucket of water. 

4. Transfer the water to your collection bottle. It will likely take several 
“dips” to collect at least 100mL of water. 

 
How to Use the Equipment 
Set up LabQuest 2 

1. Turn the LabQuest 2 on using the power 
button on the top of the device 
(above the logo next to the words 
“LabQuest 2”). 

2. If needed, there is a stylus in the left-hand 
corner of the side with the 3 buttons.  

3. Plug the appropriate sensor into one of 
the channel ports (labeled CH1, CH2, or 
CH3). These are on the end where it  
says “Vernier”. 

4. The data should automatically appear on 
the screen. 

5. Follow the remaining instructions for that specific sensor below. 

Measure temperature 
Important Note: Measure and record the 
temperature right after you collect the sample it 
as the temperature will change as time passes.  
1. Be sure the Temperature Probe is plugged 

into one of the channel ports. 
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2. Place the metal end of the probe into the water sample. 
3. Let the readings stabilize (2-3 seconds should be sufficient).  
4. Record the reading (in Celsius). 
5. If you want to change the readings to Fahrenheit to give the students 

better perspective on the readings, tap on “Sensors”, then tap on 
“Change Units”, then tap on “°F”. 

Measure pH 
1. Do not remove the bottle with the storage solution (yet). 
2. Be sure the pH Sensor is plugged into one of 

the channel ports. 
3. Make sure the reading you get is close to 4.0 

(+/- 0.5 is fine for our work). 
a. If the number is off by more than that, 

the probe may just need to  
be recalibrated.  

b. Take this reading when you get back to 
the EcoCenter with another group’s 
probe and bring the calibration issue to 
the Materials Coordinator’s attention. 

4. Unscrew the storage solution bottle to remove it. 
5. Slide off the lid of the storage solution. 
6. Rinse the sensor by squirting some distilled water onto the end of the 

probe from the rinse bottle. 
7. Place the end of the sensor in your water sample. 
8. Let the readings stabilize (2-3 seconds should be sufficient). 
9. Record the reading. 
10.Rinse the sensor by stirring the end in the bottle of distilled water again. 
11.Slide the lid of the storage solution back onto the end of the sensor. 
12.Screw on the bottle of storage solution. 

Measure turbidity 
1. Be sure the turbidity sensor is plugged into one of 

the channel ports. 
2. Mix your water sample gently (do not shake as 

you will add air that interferes with  
turbidity readings). 

3. Fill the sample cuvette to the line with some of 
the mixed water sample. Replace the lid. 

4. Wipe the outside of the bottle with a towel. 
5. Open the lid of the turbidity sensor. Hold the 

cuvette by the lid and place it in the sensor. Be 
sure to line up the arrows. Close the lid. 

6. Take the reading right away as particles will settle 
out and the readings will decrease over time. 

7. Empty and rinse cuvette. 
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Note: For more information about turbidity, go to http://www.vernier.com/
products/sensors/trb-bta/ 
 
Measure dissolved oxygen 

1. Fill the end cap with 1mL of the included 
solution. Screw it tightly on the end of  
the probe. 

2. Place the probe in the water sample (4-6cm). 
3. Gently stir the probe in the sample (this is 

important for accurate readings). 
4. Let the readings stabilize (2-3 seconds should be 

sufficient). 
5. Record the reading. 
6. Remove the probe. Unscrew the end cap, and 

rinse well with distilled water. Rinse the metal 
end of the probe as well.  

7. Shake the end cap dry. Pat the metal dry with  
a towel. 

8. Place the end cap back on loosely. 

For more information about dissolved oxygen, go to http://www.vernier.com/
products/sensors/dissolved-oxygen-probes/do-bta/ 

Measure salinity (low-tech “probe”) 
1. Pour your water sample into the hydrometer 

through the top right corner. Be sure to fill it up 
to the line (fully covering the arrow). 

2. Take your reading from the side ranging from 
0-40 (on the left of the scale). 

3. Empty your sample back into your collection 
bottle through the spout on the left. 

Packing up 
1. Disconnect all sensors from the LabQuest 2. 
2. Make sure all sensors are packed up 

appropriately. 
a. Temperature – wipe clean and wrap up cord. 
b. pH – rinse with distilled water and return to storage solution 

bottle and wrap up cord. 
c. Turbidity – empty cuvette, return it to the probe, wrap up cord. 
d. Dissolved Oxygen – empty end cap and rinse everything with 

distilled water. Replace end cap loosely and wrap up cord. 
3. Return all items to their carrying cases and replace in the Water FT Bag. 
4. Bring water sample and readings back to the EcoCenter. 
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LABQUEST 2 TROUBLE-SHOOTING GUIDE 

Problem: Screen isn’t showing what is expected. 
Solution:  

1. Check that you are on the correct screen. You want the “Meter” screen 
(with the icon that looks like a speedometer). 

  
2. If it’s on the wrong screen it will look like one of the following (note the 

different positions of the icons along the top of the page). Tap the 
“Meter” icon to get back to the correct screen 
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3. If you have pressed the Home key, you will have a 2 column list. Select 
“LabQuest App” to get back to the right page. 

Problem: You have a screen that says: 
• This collection will overwrite the latest run. Do you wish to store, append, 

or discard the latest run? 
• You added/removed a sensor and have unsaved data. Do you wish to save 

or discard the data? 
• Or any similar text 
Solution: Select “Delete” 

Problem: I don’t know what screen I’m on or how I got here! 
Solution:  
4. Selecting “Cancel” is a safe bet. 
5. You may need to then go to “Meter” screen (with the icon that looks like  

a speedometer).
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Problem: The Lab Quest 2 isn’t responding or is acting like you are tapping in 
the wrong place, try the following (in order): 

Solution 1: Recalibrate screen 
1. Press and hold the Home key for 5 seconds 
2. Use the stylus to tap the calibration targets (there will be 5 - one in each 

corner and one in the middle). 

Solution 2: Reboot 
Press and hold the power button for 8 seconds 

Problem: None of this helped! 
Solution: Make note of as much information as you can and return the Lab 
Quest to the Materials Coordinator for additional troubleshooting. 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TEST TYPE SUMMARY CHART 

Water Temperature  
(10°C - 30°C) 
Temperature governs the kinds of 
organisms that can live in rivers and 
lakes. Temperature is also important 
because of its influence on  
water chemistry. 

Water Freezes - 0°C or 32° F 
Cool Day Temp - 10°C or 50° F 
Room Temp - 20°C or 68° F  
Hot Day Temp - 30°C or 86° F 
Body Temp - 37°C or 98.6° F 
Water Boils - 100°C or 212° F 

Water Acidity/Alkalinity (Basic)  
(0 – 14) 
pH is a measure of how acidic or 
alkaline (basic) a substance is. Each 
number represents a 10-fold change 
in the acidity/alkalinity of the water. 
A pH of 7 is neutral. 

Lemon juice - 2 (strong acid) 
Orange juice - 4 (weak acid) 
Distilled water - 7 (neutral) 
Baking soda - 9 (weak base) 
Bleach - 13 (strong base)  

Water Turbidity 
Turbidity is the amount of particulate 
matter that is suspended in water. 
Turbidity makes the water cloudy  
or opaque. 

Chlorinated Drinking Water 
   < 1 NTU 
Clear Drinking Water < 5 NTU 
Clear Creek Water < 10 NTU 
Silty and Muddy Creek Water  
   > 50 NTU  

Water Dissolved Oxygen 
(7–11 mg/L) 
The oxygen dissolved in lakes, rivers, 
and oceans; it is crucial for the 
organisms living in it because they 
need it to breathe. Levels vary with 
temperature. 

Cool Day - 10°C ~ 11.0 mg/L  
Room Temp - 20°C ~ 9.0 mg/L 
Hot Day - 30°C ~ 7.5 mg/L 

Water Salinity (Salt) 
(0-40 ppt) 
Salinity is the measure of all the salts 
dissolved in water (or soil).  

Fresh Water - ~ 0.5 ppt 
Brackish Estuary Water - 
10 – 30 ppt 
Salty Ocean Water - ~ 35 ppt 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TRAIL STRATEGIES   

Here are some strategies that may be helpful to you on the trail. 

RUN! 
This activity is great for managing an energetic group, although there isn’t a 
specific educational purpose. In an open area, point out an object some 
distance away such as a rock or a tree. Tell the students to run to it and stop 
without going past it. (You and the chaperone can walk to catch up to the 
students.) This expends some excess energy and helps the group to better 
focus. Make sure there aren’t other hikers on the trail when you do this. 

Walk and Talk  
Organize students in pairs (or a group of 3 with an odd number). Before you 
start walking to the next point on the trail, ask a question of the group. Make 
sure it does not have a simple or one word answer. As you are walking to the 
next spot, the students should discuss their thoughts with their partners. 
When you arrive at the spot, have the students share what they discussed. It 
is great to make a connection between the question and the next stop on the 
trail or a feature on the way, but it is not necessary. 

Examples of good questions:  
• How do you think this area would look if it was 2,000 years ago and the 

Ohlone Indians lived here? 
• The area where we are is a preserve. What might have happened to it if 

people had not made it a preserve? 
• What might you see and hear if you walked in this same area at night? 

At dawn? At dusk? 
• What might this area look like in a different season (name the season). 
• What are the advantages and disadvantages of the changes people 

have made (levees, duck pond, airport, golf course) to this area over the 
years? 

The topics of the background information can be good subject matter for  
this activity. 

Silent Walking 
For a stretch of trail have the students walk without talking. Tell them to use 
their senses of sight, smell, and hearing to notice what’s around them. Ask 
them to be prepared to talk about something special they saw or heard. You 
may also want students to focus on something specific. For example, you 
could have them look for things that would be different if people had never 
come to this area. They can also think about what the area would be like 
during a different season. 
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General Exploration 
Groups may have questions about the Baylands that aren’t related to the 
water field trip’s specific learning objectives. Some groups (especially those 
that have never been to the Baylands) may need to have time to explore the 
area before they can focus on the water content. It is fine to spend some time 
exploring the holes or talking about the different birds. When possible you 
can make connections back to the water content. For example, why is the 
water we are testing important for the ducks swimming in it? Students may 
want to know more about the airport or the history of the duck pond. They 
may be interested in knowing that the duck pond was originally built as a 
swimming pool, but siltation problems prohibited that, so it was turned into a 
bird refuge. See the background section for additional information to share 
with students. If you have time, you can play a game of “I Spy” as a way to 
enhance students’ observations. You can stop, close your eyes and listen for a 
set time (15-30 seconds), and have students see how many different sounds 
they can hear. 
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NOTES 

1Palo Alto Baylands Map 
http://boulter.com/geocaching/maps/maps/us/ca/PaloAltoBaylands.jpg 

2San Francisco Bay Watershed Map http://www2.epa.gov/sites/production/
files/styles/large/public/2013-06/interactivemap-th.jpg?itok=p-jOYyke 

3Salinity 
http://geosci.sfsu.edu/courses/geol102/ex7.html 

4Salinity 
http://www.watereducation.org/aquapedia/san-francisco-bay 

5Global Warming and Increases Water Temperature 
http://ocean.nationalgeographic.com/ocean/critical-issues-sea-temperature-
rise/ 
http://www.wisegeek.org/what-is-salinity.htm 
http://en.wikipedia.org/wiki/Salinity 
http://www.businessdictionary.com/definition/dissolved-oxygen-
DO.html#ixzz3XEmDKetB 
http://www.lampreyriver.org/outreach-middle-and-high-background-
watershed 

6History of the Palo Alto Baylands 
Over Time Palo Alto - 1947-1980, p. 79 https://books.google.com/books?
id=NXJQzuwUNSYC&pg=PA79&lpg=PA79&dq=palo+alto+yacht+harbor
+closing&source=bl&ots=Oj1CFtLMXb&sig=vIe_BidBJSIvGHGIIpxZis8oTiw&hl=
en&sa=X&ei=b_A2VYySD9OdygT5soCoDQ&ved=0CCQQ6AEwATgK#v=onep
age&q=palo%20alto%20yacht%20harbor%20closing&f=false 
http://en.wikipedia.org/wiki/Palo_Alto_Baylands_Nature_Preserve 
http://www.cityofpaloalto.org/news/displaynews.asp?
NewsID=466&TargetID=1,36 

7San Francisquito Creek 
http://en.wikipedia.org/wiki/San_Francisquito_Creek 

8San Francisquito Creek Watershed Map 
http://1.bp.blogspot.com/-uf0ssvCMjUA/UxLMKO-AXEI/AAAAAAAAAaI/
u66-uEMc6Qc/s1600/san_francisquito.gif 
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