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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) &g@

Points to Remember

Electrical Conductivity/Specific Conductance
measures dissolved salt concentration

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

SC naturally varies 100 — 200 puS/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)
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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 Hypert_onic Isotqnic Hypotpnic Rain
solution solution solution water

water

‘P P

Hzog

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)

htp://organismalbio.biosci. gatech.edw/nutrition-transport-and-}
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Osmoregulation

Ansorbs water through skin

Actively takes up ions

through gills \

Drinks little
water

- Movement of water
e MoOVEment of ions
Excretes dilute urine

{a) Osmoregulation in a freshwater environment

Loses waler through skin

Drinks ample
water

- Direction of ion Direction of water
L movement movement
{Na' K”.CI)

Excretes ions through gills §
g Excretes concentrated uring

(b) Osmaregulaton in a saltwater envirenment

http://organismalbio.biosci.gatech.edw/nutrition-transport-and-k l-ion-and-wat

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

(b) saltwater
environments.
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Actively takes up ions

through gills \ : ,.‘;‘,
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- Movement of water
e Movement of ions
Excretes dilute urine

{a) Osmoregulation in a freshwater environment

Loses waler through skin

Drinks ample
water

- ::\ Direction of ion Direction of water
\ movement movement
{Na' K",Cl)

Excretes iuns through gills i
g Excretes concentrated uring

(b) Osmaregulation in a saltwater environment

http://organi jo.biosci.gatech.edu/nutrition-transport-and-t TR

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

WATER RESEARCH CENTER

9/22/23



9/22/23

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

~ Schuylkill

° o

00

ac0

- o 0 ° 95,009 .

~ e s atel T River @
250

Ly Philadelphia

Why does
salt

physiology [
matter? |

conductivity
(pSem1)

——p— —y——
1970 1975 1980 1985 1990 1995 2000

Chloride

Sodium
g o o e Doubled
1973 - 1999

NIGCEINR

NH N (mgt”!)

0+ T T T y— T
1970 1975 1980 1985 1990 1995 2000

Fig. 3. Long-term trends in annual mean water quality

b .
g measures in the Schuylkill River. Samples were collected from
1973 through 1996 by the USGS and from 1990 through 1999

(] by PWD. The location for USGS acquired samples is directly H
S a It I e r adjacent to the Belmont intake, depicted in Fig, 1. All lincar Inte rlandl & CrOCkett

trends depicted were statistically significant. Linear slopes and 2003

associated s ics are included in the text,

Increased salinization of fresh water in the
northeastern United States

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

© 2005 by The National Academy of Sciences of the USA

A Drinking Water Supply to Baltimore, Maryland
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Fig. 1. Examples of significant, long-term increases in baseline concentra-
tion of chloride for streams and rivers of the northeastern United States. The
R? values are given for linear regressions. All streams and rivers are located in
rural areas but contain roads within their watersheds. (A) LMR0015 (Little
Morgan Run), MDE0026 (Middle Run), and BEA (Beaver Run) are sampling
stations for tributaries to Liberty Reservoir, a drinking water supply for
Baltimore. (B) Wappinger Creek and the Mohawk River are tributaries to the
Hudson River in the Hudson River Valley. () The streams in the White
Mountains drain into Mirror Lake; one is located near an interstate highway
in the Hubbard Brook Valley, and the forested reference stream is watershed
6 of the Hubbard Brook Experimental Forest (10).
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Road salt use is much greater than decades ago.

Applied in the USA
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Road salt use is much greater than decades ago.

That salt is contaminating our streams

Applied in the USA In local stream water
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Road salt use is much greater than decades ago.

That salt is contaminating our streams

In local stream water
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Salt trends —
reddish increasing, bluish decreasing.
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Road salt a
major
contributor to
increased

salts in
streams,
rivers, lakes,
WENET[
groundwater

https://autosock.us/category/news/

?ercent of roads in

7 othe winter months

he US are snowy in

B
Vs

B Use Sait

- Use Sand and
Non-salt Mixes

N/A

million tons of salt
2 is used on average
every year.
This increases the chance of
corrosion on the under-body of a

tractor trailer because of bare
metal exposure.

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 Late
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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,

and highly variable - temporally

Peaks at
20,000 to
40,000 yS/cm

Seawater
55,000 uS/cm

Graphed Mean 96hr Conductivity (uscm)

96hr Running Average Conductivity at Upper Rocky

April 2017 - April
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Salt concentration always elevated,

and highly variable - temporally

TTF Watershed Partnership
Shoemaker Run, Tookany Cr.

Peaks at

1]

50,000 and
106,000 uS/cm

Seawater N

50-55,000 pS/cm-’- .

28-30 Jan 2022
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Salt concentration always elevated,

and highly variable - temporally

TTF Watershed Partnership
Shoemaker Run, Tookany Cr.

Peaks at

18,700 and
42,300 mg CI/L

Seawater o :

50-55,000 pS/cm_’ .

28-30 Jan 2022
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Salt concentration always elevated,
and highly variable - spatially
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Salt concentration always elevated,

and highly variable - spatially
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How much salt is too much salt?

WATER RESEARCH CEENTER

Native Mayflies as Test Organisms
PR Y.y

Centroptilum triangulifer Procloeon riVUIare

Centroptilum minor
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https://www.thedailybeast.com/when-table-salt-becomes-poison?ref=scroll
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Assessing salt toxicity
Dose Response Curve
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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

= 81% Reduction
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Toxicity increases with exposure duration
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Toxicity is less in cold water

Lethal Concentration (LC50)
4-day exposure
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Salt concentration always elevated,

and temperature matters
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Not all salts are equal
Acute toxicity (48 h)

LC50 (mg CI/L) | LC50 (mg CI/L)

Ceriodaphnia
dubia
NaCl 1,960
MgCl, 880
caCl, 1,830

IDET I IIE]
magna

4,770
1,330
2,770

Pimephales

promelas
LC50 (mg CI/L)

6,510
2,840
>6,560
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Not all salts are equal
Rainbow trout — growth (25 d)
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Salt Levels of Concern

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

Acute (96 h)

Chronic (30 d)

35

Chloride

(mg/L)
311-2894

151-898

Conductivity
(uS/cm)

1013-8603

543-2738

How much salt is too much salt?

Short term
640 mg Cl/L

Canadian Guidelines

CHLORIDE Canadian Water Quality Guidelines
for the Protection of Aquatic Life

Long term
120 mg Cl/L

Canadian Water Quality Guidelines. CHLORIDE
for the Protection of Aquatic Life
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Figure 1. SSD of short-term LIEC,, toxicity dats for the chloride son i freshwater desived by fitting the Noresal model
to the logarithm of acceptable toxicity data for 51 aquatic species versus Hazen plotting position (propoction of specics
affectod). The arrow at the dottor of the graph dewotes the 3* percentile and the correspoading shoct-teem bencamark
conceatration valws,
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Figure 2. SSD of loag-serm no- and low-effect endpolnt toxikity data foe the chioride ion in freshwaser (where mussels
are present) derived by fitting the Logistic model t the logarithm of acceptable duta for 28 aquatic species versus
Hazen plotting pesition (praportian of species affected). The arrow at the bottom of the graph denotes the 5* percentile
and the corresponding loog-term Canadian Water Quality Guideline value
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How much salt is too much salt?

Short term alt

640 mg CI/L 1/4tsp=922mgcl 120 mg Cl/L

Long term

affected). The arsow at the dottoen of the praph desotes the 5* percentile and the corresponding shost-tezm bencamark
concentration valws,

37

CHLORIDE Canadian Water Quality Guidelines Canadian Water Quality Guidelines CHLORIDE
for the Protection of Aquatic Life for the Protection of Aquatic Life
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Figure 1. SSD of short-term L/ECy, toxicity dats foe the chlorde son in freshwater desived by fitting the Noressl model
to the logarithm of acceptable toxicity data for 51 aquatic species versus Hazen plotting position (propoction of specics Figure 2. SSD of loag-term no- and low-effect endpoint toxicity data foe the chloride o in freshwater (where mussels

are present) derived by fitting the Logistic model to the logarithm of acceptable data for 28 aquatic species versus
Hazen plotting pesition (proportian of species affected). The arrow at the bottom: of the graph denotes the 5* perceantile
and the corresponding loog-term Canadian Water Quadity Guldeline value

. 2 = 0.52 Good

Fair

Macroinvertebrate Score
o )

o

Poor

200 400

o

Chloride (< 85 mg/L)
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600

Conductivity (< 550 yS/cm)
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Conductivity Correlates with Degradation

157 sites, primarily in Schuylkill River basin

S Correlation Good

may not equal Fair

Causation Poor

0 ‘ ‘ ‘ —
0 200 400 600
Conductivity (< 550 yS/cm)
Chloride (< 85 mg/L)

Macroinvertebrate Score
>
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How much salt is too much salt?

Answer to this question
is still unclear

RQUD
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https://www.thedailybeast.com/when-table-salt-becomes-poison?ref=scroll
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Stream degradation
and salinity

(o
v

Mountaito mining - 2011

near West Chester, PA
L Sept 22, 2019
Stream degradation
k5 7400,_T
[ ] [ ] U) 12007 =
2 1300 2
> -
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> 1200-8
s 5
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Summer still high - 2019
Site
Some sites are certainly toxic,
most may be too salty - 2022 Seawater (2017, 2022)
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Salt lllustrates Land/People

Connection to Water:

Toxins:

Salt

Oils

Metals
Sealants
Herbicides
Insecticides
Soaps

l.hh'eamd Runoff - ‘Iieated Wastewater

Drugs
Personal Care
Fertilizers

Salt lllustrates Land/People
Connection to Water:
Toxins:
Salt » _ _
Oils Chemical Cocktail”
Metals .
Sealants 4 In storm water
Herbicides
Insecticid \ C e
Nl ~reshwater Salinization
5 : Syndrome
rugs Kaushal et al. 2018
Personal Care R e
Fertilizers i T A A
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There are new pollutants

of concern today

Winter deicing
salts
(2003)

45

ae K SRR e 3
SOSTS DAt
-

PAHSs in 6PPD-quinone
coal tar seal coats from tires
(2003) (2020)

Some new products have unimagined

consequences.

Sealcoat Sealcoal

Asphalt base

. *S_~

An Austin, Texas, study determined that
sealcoat products based on coal tar
contained up to 1,000 times more PAHs than
asphalt-based products. Consider asphalt-
based sealcoat if you choose to coat your
driveway.

QD
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Runoff of Coal-TarBased Seal Coat
Eredericksbu gTX

bitps://sanantonioreport org/commentary-

47

Faeces and urine
(nitrogen, phosphorus
and pathogens) Cd

Plastic fibres
from masks

Disposable gloves Ly s,
s‘(’nitrile/la?ex Zn A2 cv, Degradation of asphalt on
nanoplastics) roads/shingles (pelroleum-base
< > compounds and heavy metals)
Xylene
Banzene
Metal and Ag
metal-oxide
nanoparticles Tio,
from paint

Cigarette butts

Selventsidetergents
{windshield washer fluid)

Neonicotined

Dil spiﬁs 5 Pesticides/fertilizer
nydrocarbons) N for turf

Tyre-wear.
particles
Polybrominated

diphenyl ethers
~ Tyre leachate ; Phosphorus and nitrogen
(for example, Other litter Fire from grass/eafl
6PPD-quinone) (for example, retardant degradation in street

microplastics)
https://www.nature.com/articles/s41893-022-00853-4/figures/1

48
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Urban Runoff is a chemical cocktail

Environmental Science & Technology

LI B S e S B B S S B B e e

T
r (B) Cumulative organic-chemical concentration

(A) Total number of detected organic chemicals
Median number of W biogenic hormone [<1%,
detections = 73
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Figure 1. Total number of detected organic chemicals for sampled sites, sorted from left to right by decreasing number of detections (A) and total
measured organic-chemical concentration for sampled sites (B).

Masoner, IR., Kolpin, D.W.. et al. 2019. Utban stormwater: An overlooked pathway of extensive mixed contaminans 1o surface and groundwaters in the United States. Environmental science & technology, 53(17), pp-10070-10081
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Figure 2. Box-plot dstributions of measured concentrations for the 69 organic chemicals detected in $0% or more of 49 urban stormwater samples.
Sorted alphabetically from top to bottom by chemical class and decreasing median concentrations.
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Points to Remember

» Saltin 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

» There is more than just salt to worry about ...
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