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CBF Water Quality Interactive Map
Student and adult groups that take part
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Often, they measure the water chemistry to evaluate the
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be doing it when you come out with us!

pH                                     4

By compiling these points on a map using GIS software, we
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preserve this data to get a better view
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of the health of our waterways over

(XWURSKLFDWLRQ3URFHVV                 6

time and throughout the Chesapeake

:KDWFDQP\VWXGHQWVDQG,GR
ZLWKWKH&%)RQOLQH*,6DSS"           7

Bay watershed. This also can serve as
a classroom teaching tool and a place
for students to explore or revisit topics
ZHWRXFKHGRQLQWKHĆHOG

&%)25*('8&$7,21:$7(548$/,7<
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:KDWGR,QHHGWRNQRZDERXWWKHGDWD"
Under the supervision of CBF educators, participants collect water-quality data and store it using Collector
for ArcGIS (a smartphone app). We typically measure seven different water-quality parameters that change
throughout the year and across the watershed: Temperature, Salinity, Dissolved Oxygen (at the surface and at the
bottom), Turbidity, pH, Nitrates, and Phosphates. Groups can also record water depth, general notes or comments,
DQGSLFWXUHV(DFKVSHFLĆFSRLQWRQWKHPDSPD\RUPD\QRWKDYHDOORIWKHVHĆHOGVĆOOHGLQæLWGHSHQGVRQZKDW
that group decided to measure at that time.

)LHOG1DPHVDQG'HĆQLWLRQV
$WDQ\SRLQWRQWKHPDS\RXPD\ĆQG
Date

Date of sample

&ROOHFWHG%\

Name of school or group collecting the sample

Site Name

Site name, usually includes body of water

:DWHU7HPSHUDWXUH r&

Temperature at the surface, in degrees Celsius, taken with a thermometer
or other temperature-measuring device (e.g. dissolved oxygen probe).

7XUELGLW\ FP6HFFKLGHSWK

Measured in centimeters using a Secchi Disk

'LVVROYHG2[\JHQ PJ/

Dissolved oxygen (milligrams/Liter) at the surface. Collected using the
YSI Pro 2030 probe.

'LVVROYHG2[\JHQ PJ/

Bottom: Dissolved oxygen (milligrams/Liter) at the bottom. Collected using
the YSI Pro 2030.

%RWWRP'HSWK P

Bottom depth in meters

6DOLQLW\ SSW

Salinity (parts per thousand), measured with YSI multi-parameter probe

pH

pH measured near the surface using pH color comparator

1LWUDWH PJ/

Total Nitrate-N (milligrams/Liter), measured using color comparator

3KRVSKDWH PJ/

Total orthophosphate (milligrams/Liter), measured using a Hach Pocket II
colorimeter

&RPPHQWV

Comments or notes about sample
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Water-Quality Parameters and Methods
What are all those parameters again, and how did we measure them? Some of tools we used to measure water
chemistry may be more familiar than others. Here is some information about what we measured and the
procedures we might have used with your group.

6$/,1,7<
The salt content (salinity) of a water body is one of the main
factors determining what organisms will be found there. The
density of water is related to the amount of salt dissolved in it,
as well as its temperature. Salinity is also important because it
affects dissolved oxygen solubility. Generally, the higher the
salinity level, the lower the dissolved oxygen concentration.
Oxygen is about 20 percent less soluble in seawater than in
freshwater at the same temperature. That means, on average,
seawater has a lower dissolved oxygen concentration
than freshwater.
5DQJHWater in the Chesapeake Bay is brackish, a mixture of
both fresh and saltwater. In the Bay proper it ranges from one
ppt (parts per thousand) to 34 ppt. Salinity varies by season
and location in the Chesapeake Bay and its tributaries.

/HIW$GLDJUDPRIWKHVDOWZHGJHæGHQVHUVDOWZDWHUćRZLQJLQWR
the Bay underneath less dense fresh water. Right: Brackish water
in the Chesapeake Bay is generally saltier (shown as darker blue
on this map) closer to the Atlantic Ocean and almost completely
fresh at the northernmost points.

Method: CBF uses a YSI Pro 2030 electric meter, often in addition to a refractometer, which measures the
refractive index of a solution (in this case Bay water) and translates it to density.

785%,',7< :$7(5&/$5,7<
Turbidity is the cloudiness or clarity of water. Visibility
depends on the amount of suspended and colored materials
LQWKHZDWHUæPDWHULDOWKDWFRPHVIURPHLWKHUVHGLPHQW
washed into a water body or biological activity in the water
body (algae or plankton).
Students should think about what can affect how clear water
is (things like sediment in polluted runoff, phytoplankton,
and algae blooms are important considerations) and why
this is important (light penetrating to submerged vegetation,
YLVLELOLW\IRUSUHGDWRUVFRQJHVWLRQIRUĆOWHUIHHGHUV
sedimentation for bottom-dwellers).
5DQJHIn tidal water, a good Secchi depth range is:
/HVVWKDQFHQWLPHWHUVæ3RRUFHQWLPHWHUVæ
)DLUFHQWLPHWHUVæ*RRGJUHDWHUWKDQ
FHQWLPHWHUVæ([FHOOHQW

A Secchi Disk is used to measure turbidity. In clear water (left),
the disk is visible deeper down in the water than in more turbid
water (right).

Method: The Secchi Disk is used to measure water clarity. A turbidity tube is used to measure transparency of
ćRZLQJZDWHUVRUZKHUHXVHRID6HFFKL'LVNZRXOGEHLPSUDFWLFDO
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',662/9('2;<*(1
Dissolved oxygen is closely
tied to the survival of plant
and animal life in all bodies of
water in the watershed. It is
affected by natural processes
and by human activities. The
amount of oxygen in any
'LVVROYHGR[\JHQOHYHOVUDQJHIURPPLOOLJUDPVSHU/LWHU PJ/ WRDURXQGPJ/6RPHRUJDQLVPVEHFRPH
water body varies naturally,
stressed when levels fall below 5 mg/L, and almost all organisms need at least 2 mg/L to survive.
both seasonally and over
time. This occurs due to a
balance between oxygen input from the atmosphere and certain biological and chemical processes, some of which
produce oxygen while others consume it (photosynthesis and respiration, respectively).
6WUDWLĆFDWLRQLQWKHZDWHUFROXPQZKLFKRFFXUVZKHQOHVVGHQVHIUHVKZDWHUIURPDQHVWXDU\PL[HVZLWKKHDYLHU
VHDZDWHULVRQHQDWXUDOFDXVHRIK\SR[LDæODFNRIGLVVROYHGR[\JHQ/LPLWHGYHUWLFDOPL[LQJEHWZHHQWKHZDWHU
layers restricts the supply of oxygen from surface waters to more salty bottom waters. Hypoxia occurs most often,
however, as a consequence of human-induced factors, especially nutrient pollution (also known as eutrophication).
7KHFDXVHVRIQXWULHQWSROOXWLRQVSHFLĆFDOO\RIQLWURJHQDQGSKRVSKRUXVQXWULHQWVLQFOXGHSROOXWHGUXQRIIIURP
DJULFXOWXUDOXUEDQDQGVXEXUEDQDUHDVIRVVLOIXHOEXUQLQJDQGZDVWHZDWHUWUHDWPHQWHIćXHQW
5DQJH=HURWRPLOOLJUDPVSHU/LWHU PJ/ ZLWKWRPJ/EHLQJYHU\JRRGTXDOLW\ZDWHUPJ/RUEHORZLV
considered a stressed environment and an impaired water. Three or below is stressful to most aquatic organisms.
Two and below is considered hypoxic and a dead zone. And 0.2 mg/L indicates anoxic waters.
Method: &%)XVHVWKH<6,3URæDQHOHFWURQLF'LVVROYHG2[\JHQ0HWHU

pH
The pH of water determines the solubility
(amount of a substance that can be dissolved in
the water) and biological availability (amount
that can be utilized by aquatic life) of chemical
elements such as nutrients (phosphorus,
nitrogen, and carbon) and heavy metals
(lead, copper, cadmium, etc.). For example,
in addition to affecting how much and what
form of phosphorus is most abundant in the
water, pH also determines whether aquatic
life can use it. In the case of heavy metals, the
degree to which they are soluble determines
their toxicity. Metals tend to be more toxic at
lower pH because they are more soluble (like
methyl-mercury in some acidic rivers of the
Chesapeake Bay).
5DQJHAs the diagram to the right shows,
S+UDQJHVIURPWRZLWKEHLQJQHXWUDO

The pH scale, with some common substances and their pH levels, and effects of
increasing acidity on aquatic life.
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5HVXOWVOHVVWKDQDUHDFLGLFZKLOHS+VJUHDWHUWKDQDUHDONDOLQH EDVLF 1RUPDOUDLQIDOOKDVDS+RIDERXWæ
slightly acidic due to carbon dioxide gas from the atmosphere reacting with rainwater to form carbonic acid. You
FDQVHHWKDWDFLGUDLQFDQEHYHU\DFLGLFDQGLWFDQDIIHFWWKHHQYLURQPHQWLQDQHJDWLYHZD\7KHS+VFDOHLVWR
but the healthy range for most organisms is 6.5 to 8.2.
Method: &%)XVHVDFRORUFRPSDUDWRUNLWæDFKHPLFDODGGHGWRDZDWHUVDPSOHWKDWFKDQJHVFRORUZKHQUHDFWLQJ
with hydrogen ions. Participants then assess the pH visually by comparing the color to a chart or samples with
known pH.

1,75$7(
Nitrates are a type of nutrient necessary for life and found in small amounts in all aquatic environments. Nitrates
in excess of one part per million can become a form of pollution by overloading the nutrient supply, causing excess
plant growth and decomposition, leading to depleted oxygen levels and eventually dead zones with no oxygen.
This is a process known as eutrophication.
Nitrates are present in lawn and crop fertilizers, human and animal waste, air pollution, and organic material like
dead leaves and detritus on land. When these things enter a water body through polluted runoff or wastewater,
nitrate levels can become elevated.
5DQJH
WRPLOOLJUDPSHU/LWHU PJ/ 1DWXUDOOHYHOVRIQLWURJHQQHHGHGIRUSODQWJURZWKDQGDTXDWLFOLIH
!PJ/([FHVVQLWURJHQSRVVLEO\OHDGLQJWRDFFHOHUDWHGSODQWJURZWKDQGHXWURSKLFDWLRQ
Method: CBF employs uses the VISOCOLOR ECO Nitrate color comparator. Added chemicals change the color of
the water due to nitrate load, and students compare a blank sample to one that has an added chemical reagent.

3+263+$7(
3KRVSKDWHVDUHDQRWKHUW\SHRIOLPLWLQJQXWULHQWIRUOLYLQJWKLQJVæDQH[FHVVLQRXUZDWHUZD\VIURPFRPPHUFLDO
detergents, chemicals, waste, and fertilizer in runoff can lead to eutrophication, often in combination
with excess nitrates. Phosphates enter waterways from human and animal waste, phosphorus-rich bedrock,
LQGXVWULDOHIćXHQWVDQGIHUWLOL]HUUXQRII7KHVHSKRVSKDWHVEHFRPHGHWULPHQWDOZKHQWKH\RYHUIHUWLOL]HDTXDWLF
plants and cause increased eutrophication.
5DQJH
PLOOLJUDPVSHU/LWHU PJ/ OHYHODWZKLFKSODQWJURZWKLVVWLPXODWHG
PJ/PD[LPXPDFFHSWDEOHWRDYRLGDFFHOHUDWHGHXWURSKLFDWLRQ
!PJ/DFFHOHUDWHGJURZWKDQGFRQVHTXHQWSUREOHPV FXOWXUDOHXWURSKLFDWLRQ
Method: The equipment CBF employs is the Hach Pocket II single-parameter colorimeter. Colorimeters determine
the concentration of a contaminant in a water sample by comparing a blank sample to one that has an added
chemical reagent.
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(XWURSKLFDWLRQ3URFHVV
Eutrophication is the natural aging process of a body of water such as a bay or lake. This process results from the
increase of nutrients within the body of water which, in turn, create plant growth. The plants die more quickly than
WKH\FDQEHGHFRPSRVHG7KLVGHDGSODQWPDWWHUEXLOGVXSDQGWRJHWKHUZLWKVHGLPHQWHQWHULQJWKHZDWHUĆOOVLQ
the bed of the bay or lake, making it more shallow. Normally this process takes thousands of years.
Cultural eutrophication is an unnatural speeding up of this process because of man’s addition of phosphorus,
nitrogen, and sediment to the water. Bodies of water are being aged at a much faster rate than geological forces
FDQFUHDWHQHZRQHV,QWHVWLQJIRUFXOWXUDOHXWURSKLFDWLRQRQHZRXOGH[SHFWWRĆQGDQDOJDOEORRPRUVFXPRQWKH
ZDWHUDFFRPSDQLHGE\DĆVK\VPHOODQGDORZGLVVROYHGR[\JHQFRQWHQW VHHJUDSKLF 

This diagram shows what a healthy level of nutrients does to water (left) and what excess can do (right).
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:KDWFDQP\VWXGHQWVDQG,GR
ZLWKWKH&%)RQOLQH*,6DSS"
On the map to the right, each point represents
data from a group collecting some or all the waterquality parameters above. Clicking on a point will
GLVSOD\WKRVHVSHFLĆFUHVXOWV)HHOIUHHWRH[SORUH
WKH%D\DQGFOLFNRQDQ\RIWKHVSHFLĆFSRLQWV

&5($7(6,03/(*5$3+6
You can also create simple graphs of different
parameters and locations through time in the
web app: Click “Chart” at the top left and select
a parameter to graph, then select “Only features
LQWHUVHFWLQJDXVHUGHĆQHGDUHDëGUDZDVKDSH
(not a line) around the location you want, and click
“Apply.” You will get a graph for the entire timeline
of data for the points you select.

Each blue point represents a group’s data-collection results.

The app allows you to create charts to show change over time.
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1$552:<285,19(67,*$7,21
You can narrow your investigation of the data by
GDWH\HDUDQGVSHFLĆFORFDWLRQE\FOLFNLQJRQD
EXWWRQRQWKHWRSULJKWRIWKHPDSæVFUROORYHU
them to see what each does. Click “View results
by year,” select the year you would like to see and
“only return features that intersect with the shape
drawn on the map.” Then draw a shape around
the area you are interested in, and click “Apply.”
To see an even narrower date range, click “Filter,”
and select the range you would like to see. Turn
\RXUĆOWHURQDQGRIIE\VHOHFWLQJWKHFKHFNPDUN
in the top corner of the pop-up window. This could
EHXVHIXOIRUFRPSDULQJDVSHFLĆFVLWHLQGLIIHUHQW
\HDUVJUDSKLQJRQO\DVSHFLĆFVHDVRQRUFRPSDULQJ
UHVXOWVIURP%DOWLPRUH+DUERUZLWKWKRVH
from the Lynnhaven River, for example.
If you’d like to manipulate the data and narrow
your investigation even further, you may use the
GDWDDWWULEXWHWDEOHWRĆOWHURUGRZQORDGGDWD
IURPDVSHFLĆF\HDUDQGORFDWLRQDIWHUĆOWHULQJE\
year or date, open the attribute table by selecting
the pop-up button at the bottom of the map
pictured at right.

7KHĆOWHUWRROLQWKHDSSQDUURZVWKHGDWDGRZQWRVSHFLĆFFULWHULDVXFKDVGDWD
collected on a particular date.

The pop-up button at the bottom of the map helps you narrow your
investigation more.

),/7(57+('$7$
7RĆOWHUE\ZDWHUTXDOLW\SDUDPHWHUVHOHFW
“Options” in the attribute table, and click “Filter.”
As in the example to the right, you can then add a
ĆOWHUH[SUHVVLRQWRVHHZKHUHDQGZKHQWKH6HFFKL
depth was less than 50 centimeters.

7KHĆOWHUDOVRDOORZV\RXWRQDUURZ\RXUVWXG\WRDSDUWLFXODUĆHOGGDWDFDWHJRU\
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'2:1/2$'7+('$7$
To download, select “Options”
in the attribute table, and click
ê([SRUWDOOWR&69ëæ\RXFDQ
RSHQWKLVĆOHLQ0LFURVRIW([FHO
Make sure to pay attention
to the “Filter by Map Extent”
button in the table before
GRZQORDGLQJæ\RXPD\RUPD\
not want this selected.
In Excel (or another graphing
program), it is possible to
analyze the data even more
SUHFLVHO\DQGĆQHWXQHWKHGDWD
set. For instance, you could use
only the turbidity data from
tidal waterways in the summer
RIDQGORRNIRUDQ\WUHQGV
in water clarity.

Once you’ve found the data you want to explore, you can export to a graphing program, like Excel.

$UHWKHUHDQ\OHVVRQVRUVSHFLĆFDFWLYLWLHV,FDQGRZLWKP\VWXGHQWV
using these online apps?
+RSHIXOO\æWKDWèVZKHUH\RXFRPHLQ:HDUHLQWKHSURFHVVRIFUHDWLQJVRPHOHVVRQVVRSOHDVHUHDFKRXWWRXVLI
\RXĆQGWKLVWRROXVHIXODQGRUZRXOGOLNHWREHLQYROYHGLQFUHDWLQJOHVVRQVDQGDFWLYLWLHVIRUVWXGHQWV

1RWH%HFDUHIXOWRORRNRXWIRUGDWDWKDWDUHLQFRUUHFWO\HQWHUHGæZKLOHUDUHLWFDQKDSSHQZKHQHQWHULQJGDWDLQWKHĆHOG,IVRPHWKLQJ
VHHPVSDUWLFXODUO\DEQRUPDODERXWDVSHFLĆFUHVXOWFRQWDFW.DWLH/HDYHUWRQDWNOHDYHUWRQ#FEIRUJ
Data are collected by students under the supervision of the Chesapeake Bay Foundation education staff and are to be used for education
and outreach purposes only.
The Chesapeake Bay Foundation (CBF) makes no guarantees or warranties of any kind concerning the accuracy, completeness, or
suitability of the data. By using the data, you release CBF from any and all liability related to the data, including its accuracy, availability,
use, and misuse.
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