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Groundwater is the main source of water 

to streams in our region (“Gaining”)

https://books.gw-project.org/groundwater-in-our-water-cycle/chapter/groundwater-connection-with-streams/

ROAD SALT

If ground water is contaminated then the stream will be contaminated

ROAD SALT

Groundwater Groundwater



Monitoring salt in streams

Conductivity (measured as uS/cm, 
microsiemens per centimeter)

Is a measure of how well water 

conducts electricity

Chloride (measured as mg/l, 
milligrams per liter)

NaCl (Sodium Chloride) – main road 

salt used



NaCl is the main road salt used

NaCl is rock salt (same as 

table salt)



Magnesium Chloride and Calcium 

Chloride also used

MgCl2 and CaCl2 often 

look like white pellets



Sodium (Na+, Mg+, Ca+) and Chloride (Cl) ions

● Salt dissolves into cations (+ charge) and anions (- charge) in water

● Chloride (Cl-) is easier to measure to measure than Na+, Mg2+, or Ca2+
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Chloride higher where there are roads and 

parking lots
Note – this is NOT during winter road salt runoff

Represents baseflow year-round groundwater and stream 

contamination 

EnviroDIY data

Chloride 
converted from 
continuous 
conductivity data 



Chloride higher where there are roads and 

parking lots and increasing

(Valley Creek)

(Brandywine Creek)

(White Clay Creek)

Note – this is NOT during winter road salt runoff

Represents baseflow non-winter (year-round) groundwater and 

stream contamination 

USGS Data



Chronic and acute thresholds for Cl-

toxicity to animals

Organization

Long term (chronic) chloride 

toxicity criterion (mg/l)

Short term (acute) chloride 

toxicity criterion (mg/l)

U.S. Environmental Protection Agency (and 

many states)(1988)
230 860

Canadian Council of Ministers of the 

Environment (2011)
120 640

Ohio EPA, Macroinvertebrate Hazard 

Concentration (2021)
52 --

Maryland Biological Stressor Identification 

Process, Chloride Threshold Value (2009)
50 --

Natural range in southeastern PA 5-20 mg/l



NaCl causes increased conductivity

○ Appears to be main contributor to elevated 

conductivity in southeastern PA

Chloride versus Conductivity for streams of West Chester, PA



Conductivity– easy to measure, informative

● Conductivity (measured as uS/cm, microsiemens
per centimeter)

○ Is a measure of how well water conducts electricity

■ More cations (e.g., Na+) and anions (e.g., Cl-) = 

higher the conductivity

○ Is a good general indicator of stream health

■ Higher conductivity = lower stream health 

○ Higher in urban/developed areas, but there is natural 

variability



More cations (+) and anions (–) = higher 

conductivity
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e.g., <100 e.g., >300 uS/cm (baseflow), 

2,000 uS/cm – 100,000 uS/cm 

(storm flush)



Conductivity is higher in urban areas
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  Average Conductivity from EnviroDIY

stations across the Delaware River Basin



But there is natural variability



But there is natural variability

Page 10

Clickable map with Natural 
Background Conductivity 
for U.S. streams



Compare existing conductivity to natural 

background
https://epa.maps.arcgis.com/apps/mapviewer/index.html?layers=540abb1d015b4bd2b87d30f4c28a58cb

https://epa.maps.arcgis.com/apps/mapviewer/index.html?layers=540abb1d015b4bd2b87d30f4c28a58cb


Conductivity is a good general indicator of 

stream health

Chloride (< 85 mg/L)

Correlation 

may not equal 

Causation

157 sites, primarily in the Schuylkill River Basin

*Lots of other 
pollutants from the 

urban environment –
cars, industry, 

wastewater, 

pesticides, trash, etc. 



Some ways to monitor salt pollution

● Continuous data

● Point-in-time (by hand) – e.g., synoptic, longitudinal, targeted



Continuous monitoring data
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Data points every five minutes



Conductivity can be converted to chloride

Chloride versus Conductivity for streams of West Chester, PA



Then infer what chloride is
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e.g., ~30,000 mg/l Chloride

~20,000 mg/l Chloride



Or convert continuous conductivity data to 

Chloride

Jenkintown Ck at Osceola Rd



Continuous monitoring data

● Continuous data inform on severity and variability of pollution 

throughout the year, month, day, hour
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Continuous data to understand changes through 

the year

Disregard

Disregard
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Influence of storms
Change through seasons

Angelica Creek at Berks Nature



Runoff from storms usually dilutes stream water 
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Conductivity

Water Depth

Conductivity

Water Depth

Angelica Creek at Berks Nature



But road salt runoff (or other pollutants) can 

cause “spikes”

<4hrs

<1hr
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Angelica Creek at Berks Nature

Short – hard to catch with hand measurements –
IMPORTANCE OF CONTINUOUS DATA



Continuous data to see details of storm 

response from different landscapes

Rocky Run at First 
State National 
Historical Park, DE

Aquashicola Ck near 
Wind Gap, PA

79% Forest

60% Urban



Continuous data to see detail throughout 

the year on different landscapes

~125 uS/cm

Forested

~1000 uS/cm

Urban
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Hand measurements

● A person goes to the 
stream and 

○ takes a measurement 

○ or collects a sample 
for measurement 
later

● Gives a data point from 
a single moment in time 
– can repeat but 
requires a person to be 
there



Hand measurements

● Hand measurements – some variations:

○ Synoptic sampling (i.e. salt “snapshots” or 
“blitzes”) – many sites at one time

○ Longitudinal – headwaters to larger 

downstream reaches

○ Targeted – in concert with continuous data 

signals



Importance of timing for point-in-time 

sampling
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Baseflow conditions Storm

EnviroDIY station at Goose Ck in West Chester, PA

To understand normal stream conditions 
sample during BASEFLOW
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Snapshot – on a day(s) when flow is 

normal (i.e., baseflow)…

Return to central location 
and measure Chloride 
(mg/l) and Conductivity 
(uS/cm) (or measure on-
site)

Participants collect water 
samples at pre-determined 
sites OVER A SHORT 
PERIOD OF TIME WITH 
LITTLE OR NO 
PRECIPITATION



Don’t sample storm conditions

Baseflow

Find a real-time continuous 

station nearby (EnviroDIY or 

USGS)

Data can help to confirm 

baseflow

Allow enough time after storms 

(24-72 or more hours)
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Choose sites purposefully to get detailed picture

See where 

pollution 

maybe worst 

and what 

may be 

causing it

And see where 

things are better 

and possibly why



Synoptic sampling, aka “Snapshots”

● People power – a few (or a lot) of people can gather a 

lot of information with a bit of organization and time



Detailed picture of a region

● Snapshot data inform on extent and location of pollution



Detailed picture of a watershed

● Snapshot data inform on extent and location of pollution



Compare to chronic toxicity thresholds

Valley CreekTookany-TF West Chester tribs

230 mg/l, USEPA

120 mg/l, Canada

50 mg/l, MD & OH

Three urban/suburban areas of the 

Delaware River Basin



Longitudinal sampling
● Same idea as snapshot – but isolating to a single stream – maybe 

fewer sites, maybe visited multiple times



Longitudinal sampling to understand spatial differences



Importance of location

Insert map with sites near land uses (and maybe wwtp) that will influence the readings; 
and/or insert photo of the rocky run lateral variation in readings (note situationality)

743 uS/cm

753 uS/cm

544 uS/cm

1042 
uS/cm

939 
uS/cm

634uS/cm

Crabby Creek (trib to Valley Creek)

Less than 500ft apart –
hundreds of units 
difference in conductivity



Importance of location

Left side - mall/parking lot Right side – residential

Lateral 

variations 

in stream 

conditions

>600 unit difference –
less than 10ft apart

Rocky Run in northern Delaware



Targeted problem investigations
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*Not associated with a winter 

storm salt flush event



Sleuthing to figure out sources of salt



Targeted problem investigations

Go upstream to 

figure out the source

Continuous 

data station
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Targeted problem investigations
45,000 mg/l
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15,000 mg/l

*Seawater is about 19,000 mg/l



Cations and other chemistry – Grab 

samples and lab analysis

• Sodium, Na+

• Magnesium, Mg2+

• Calcium, Ca2+

• Potassium, K+

• Other metals, 
chemicals (can be 
liberated from soil, 
pipes, roads, due to 
salt pollution)



Concept is simple(?), timing, planning, 

and organization may be the challenge



Customize monitoring event according to your 

situation and needs

● Large group, community educational event

○ Lots of people

○ Low number of sites/person

○ Lots of prior site scouting, directions, 

parking, etc.

○ Participants just collect samples

○ Organizer(s) do measurements 

●

●

●

●

● …
● Participants are independent

○ Experienced field people

○ Generally a small group or individual

○ Participants generate data on their own –
send to organizer when done

Variations, 

mix/match 

methods



Data Sheets, Protocols available



Direct assistance from the Stroud Center 

and/or Master Watershed Stewards



Questions???

David W. Bressler
Stroud Water Research Center
410-456-1071 (mobile)
610-910-0056 (office, direct)
610-268-2153 x1312 (office)
dbressler@stroudcenter.org

mailto:dbressler@stroudcenter.org

