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Terms Describing Salt in Fresh Water
Salinity (ppm) 

Total Dissolved Solids (TDS, ppm) 

Electrical Conductivity or 
Specific Conductance (µS/cm) 

Salt (mg/L) 
(NaCl, KCl, CaCl2, MgCl2) 

Chloride (mg Cl/L) 



!  Electrical Conductivity/Specific Conductance 
measures dissolved salt concentration

!  SC does not tell you about specific salts (NaCl vs MgCl2)

!  SC naturally varies 100 – 200 μS/cm in response to 
precipitation, and 500 – 1000 μS/cm with a region

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

Points to Remember



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 -

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/ 

Salty
water

Rain
water



Osmoregulation

Migratory fish must use 
different physiological 
mechanisms to survive in 
(a) freshwater or 
(b) saltwater 
environments.

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



Osmoregulation

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



Chloride 
 

Sodium 
Doubled 

1973 - 1999 

Schuylkill 
River @ 

Philadelphia 

Interlandi & Crockett 
2003 

Why	  does	  
salt	  	  

physiology	  
maNer?	  

	  
Streams	  
are	  

becoming	  
salQer	  





History of Road Salt Use in US 

2005 

Winter	  Travel	  
Plowing	  
AnQ-‐skid	  
Snow	  Qres	  
Chains	  

1972	  (Claffey)	  &	  
1976	  (TISA)	  

Safety	  and	  economic	  
benefits	  of	  deicing	  

1993	  	  
Marque>e	  U	  
Germany	  

Safety	  studies	  

Now	  
23	  



Salt concentration in urban streams  
is always elevated 
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Salt concentration in urban streams  
is always elevated 
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Salt concentration in urban streams  
is always elevated 
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Salt concentration in urban streams  
is always elevated 
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Salt concentration always elevated, 
but highly variable  

Peaks at 
20,000 to 

40,000 µS/cm 

Seawater 
55,000 µS/cm 

TNC Stream 
Stewards 

 
First State 
National 
Historic 

Park 



Assessing salt toxicity 

LC50 
 

Lethal 
Concentration 
that results in 
50% mortality 

Dose Response Curve 

50% mortality 



Toxicity decreases with increased hardness

Soft 
Moderately 

Hard 



Not all species are sensitive



Toxicity increases with exposure duration



Toxicity is less in cold water

Toxicity  
Increases 

75% 
reduction 



Acute 
LC50 @  

5°C 

Acute 
LC50 @  

20°C 

N. triangulifer 

2 days 

Salt concentration always elevated, 
and temperature matters  

21 days 



Salts dissolve in waterNot	  all	  salts	  are	  equal	  
Acute	  toxicity	  (48	  h)	  

Ceriodaphnia 
dubia  

LC50 (mg Cl/L) 

Daphnia 
magna  

LC50 (mg Cl/L) 

Pimephales 
promelas  

LC50 (mg Cl/L) 

NaCl  1,960 4,770 6,510 

MgCl2  880 1,330 2,840 

CaCl2 1,830 2,770 >6,560 



Salts dissolve in waterNot	  all	  salts	  are	  equal	  
Rainbow	  trout	  –	  growth	  (25	  d)	  

Hintz and Relyea 2017 
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Salt Illustrates Land/People   
Connection to Water: 

Toxins: 
Salt 
Oils 
Metals 
Sealants 
Herbicides 
Insecticides 
Soaps 
 
Drugs 
Personal Care 
Fertilizers 



Salt Illustrates Land/People   
Connection to Water: 

Toxins: 
Salt 
Oils 
Metals 
Sealants 
Herbicides 
Insecticides 
Soaps 
 
Drugs 
Personal Care 
Fertilizers 

“Chemical Cocktail” 
in storm water 

 
Freshwater Salinization  

Syndrome 
Kaushal et al. 2018 



There are new pollutants  
of concern today  

6PPD-quinone 
from tires 

(2020) 

PAHs in 
coal tar seal coats 

(2003) 

Winter deicing 
salts  

(2003) 



Salt Levels of Concern

Chloride  
(mg/L) 

Conductivity 
(uS/cm) 

Acute (96 h) 311-2894 1013-8603 

Chronic (30 d) 151-898 543-2738 

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



!  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

Points to Remember



 
Questions? 
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