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Terms Describing Salt in Fresh Water
Salinity (ppm)

Total Dissolved Solids (TDS, ppm)

Electrical Conductivity or
Specific Conductance (uS/cm)

Salt (mg/L)
(NaCl, KCI, CaCl,, MgCl,)

Chloride (mg CI/L) ‘%QQD
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Points to Remember

Electrical Conductivity/Specific Conductance
measures dissolved salt concentration

SC does not tell you about specific salts (NaCl vs MgCl,)

SC naturally varies 100 — 200 uS/cm in response to
precipitation, and 500 — 1000 uS/cm with a region

Natural spatial variation (geology) may be more
important than natural temporal variation (dilution

events)




Why is Electrical Conductivity

Important to Aquatic Organisms?

» Electrical conductivity is a measure of salt
concentration — as ions, cations, anions

» Ambient salt concentration affects water
balance & ion inside the aquatic organism

€ Internal ion balance is important to normal physiological processes

» Potential mechanisms for salt toxicity not clear



Osmoregulation

- maintaining salt and water balance -

Salty Hypertonic Isotonic Hypotonic
solution solution solution

P

Cells placed in a hypertonic environment shrink due to loss of water. In a hypotonic environment, cells swell due to intake of water.
The blood maintains an isotonic environment so that cells neither shrink nor swell. (credit: Mariana Ruiz Villareal)

http://organismalbio.biosci.gatech.edu/nutrition-transport-and-homeostasis/animal-ion-and-water-regulation-i/




Osmoregulation

Absorbs water through skin

Actively takes up ions
through gills

Drinks little el

water —_— / L

- P

=P Movement of water
=p Movement of ions
Excretes dilute urine

(a) Osmoregulation in a freshwater environment

Loses water through skin

Drinks ample
water

NN Direction of ion " Direction of water
W movement movement
. (Na* K*.Cl)
| .
Excretes ions through gills Excretes concentrated urine

(b) Osmoregulation in a saltwater environment

http://organismalbio.biosci.gatech.edu/nutrition-transport-and-homeostasis/animal-ion-and-water-regulation-i/

Migratory fish must use
different physiological
mechanisms to survive in
(a) freshwater or

(b) saltwater
environments.
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Osmoregulation
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Loses water through skin
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water
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(b) Osmoregulation in a saltwater environment

http://organismalbio.biosci.gatech.edu/nutrition-transport-and-homeostasis/animal-ion-and-water-regulation-i/

Most freshwater
organisms do not have
the ability to move from
fresh water to salt water

They can tolerate some
increase in salinity, but
have limited ability to
adapt to great increases
In salinity

OUD

ESES S
WATER RESEARCH CENTER




S.J. Interlandi, C.S. Crockett | W

- : Schuylkill
S River @
197 1975 1980 1988 19% 1995 2000 Philadelphia

Why does
salt

physiology
matter?

y

(Sem-1)
-
E
O
o
o
o

alkalinity
(asmgi™! CaC04)

Chloride

(‘lt-d"i

Sodium

%”' =5 0 0 0" o °°
Streams ‘ "::T.Z, O S . DOUbIed

are il 1973 - 1999

T T T T U
1970 1975 1980 1988 19%0 1995 2000

)
‘ CO I l I I l Fig. 3. Long-term trends in annual mean water quality
measures in the Schuylkill River. Samples were collected from
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1973 through 1996 by the USGS and from 1990 through 1999

by PWD. The location for USGS acquired samples is directly .

adjacent to the Belmont intake, depicted in Fig. 1. All lincar Inte rlandl & CrOCkett
trends depicted were statistically significant, Linear slopes and

associated statistics are included in the text. 2003




Increased salinization of fresh water in the
northeastern United States

Sujay S. Kaushal**¥, Peter M. Groffman*, Gene E. Likens**, Kenneth T. Belt5, William P. Stack", Victoria R. Kelly*,
Lawrence E. Bandl, and Gary T. Fisher**

© 2005 by The National Academy of Sciences of the USA
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History of Road Salt Use in US
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Salt concentration in urban streams

Is always elevated

near West Chester, PA
Sept 22, 2019
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Salt concentration in urban streams

Is always elevated

near West Chester, PA
Sept 22, 2019
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Salt concentration in urban streams

Is always elevated

near West Chester, PA
Sept 22, 2019
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Salt concentration always elevated,

but highly variable

96hr Running Average Conductivity at Upper Rocky
April 2017 - April 2018
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Survivorship (%)
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Assessing salt toxicity

Dose Response Curve

50% mortality
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Toxicity decreases with increased hardness

Lethal Concentration (LC50)
30-day exposure
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Not all species are sensitive

Lethal Concentration (LC50)
2-day exposure
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Toxicity increases with exposure duration
Lethal Concentration (LC50)
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Toxicity is less in cold water
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4-day exposure

» Neocloeon triangulifer
6000 a—
2 = 0.88
)
B . o
£ 4000 I Toxicity 75%
i ncreases :
Q@ reduction
g ==
O
L
& 2000-
——
0 : ‘ L :
0 5 10 15 20 25 OuUD

Temperature (°C) SO

WATER RESEARCH CENTER




Salt concentration always elevated,

and temperature matters

96hr Running Average Conductivity at Upper Rocky N tr[angullfer
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Not all salts are equal
Acute toxicity (48 h)

Ceriodaphnia Daphnia Pimephales
dubia ET L] promelas
LCS50 (mg CI/L) | LC50 (mg CI/L) | LC50 (mg CI/L)
NaCl 1,960 4,770 6,510

MgCl, 880 1,330 2,840
CaCl, 1,830 2,770 >6,560




Not all salts are equal

Rainbow trout — growth (25 d)

/ Control

Concentration
(mg CI- LY)

MgCl, NacCl CaCl,

230
860

1500

k 3000




Conductivity Correlates with Degradation

Macroinvertebrate Score

157 sites, primarily in Schuylkill River basin
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Conductivity Correlates with Degradation

157 sites, primarily in Schuylkill River basin

Macroinvertebrate Score
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Salt lllustrates Land/People

Connection to Water:

Toxins:

Salt
Treated Wastewater
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Salt lllustrates Land/People

Connection to Water

Toxins:
Salt

Oils | “Chemical Cocktail”
Metals

Sealants “ in storm water

Herbicides
Insecticides
Soaps

| Syndrome
Drugs

Kaushal et al. 2018
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There are new pollutants

of concern today
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Winter deicing PAHSs in 6PPD-quinone
salts coal tar seal coats from tires
(2003) (2003) (2020)




Salt Levels of Concern

LC 50s for a few mayflies
moderately hard water at 20°C

Chloride Conductivity
(mg/L) (uS/cm)

Acute (96 h) 311-2894 1013-8603

Chronic (30 d) 151-898 543-2738 M



Points to Remember

» Salt in streams is increasing, especially urban
streams

» Elevated salt can cause physiological stress or even
be toxic for aquatic organisms. Brief salt spikes in
winter are not well understood.

» Impact of elevated salt depends on concentration,
stream hardness, exposure duration, type of salt,
water temperature, and species
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