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How Canada’s addiction to road salt is 
ruining everything

(Feb 21, 2018; National Post)



Road Salting in Canada

• >7 million tons road salt applied annually (Envt. Canada 2009)
– NaCl remains most cost efficient deicing agent 

3. causing buildings to collapse
- shopping mall in Ontario’s Elliot 
Lake in 2012

2. ravaging bridges & highways
- salt brine seeps into concrete 
speeding up corrosion of rebar

1. billions of dollars damage to cars
- salt corrosion culprit in 1000’s of 
vehicle brake accidents



National and Provincial Parks

Gros Morne National Park, NFLD Frontenac Provincial Park, ON



Landfilling of High Salt Content Waste

Cement Kiln Dust (CKD) 
• generated at ~4-20% of cement production rate
• worldwide generation ~560 million tonnes/year



CKD Site in Bath, ON
• CKD landfilled over ~30 years at ~30000 tonnes/yr
• highly saline (KCl)
• Cl- levels: >10000 ug/g (bkgd levels in Canada ~100 ug/g)
• Electrical Conductivity: 11-20 dS/m (<0.7 dS/m)
• SAR: 15.4 (5)



Halophytes (salt-tolerant plants)

– thrive in saline environments
– represent ~1% of all known terrestrial plant species 



Salt Tolerance Mechanism I

1. Accumulation



Accumulator Halophytes

A. hortensis A. patula

Salicornia spp. 

up to 23% salt when fed 
with CKD landfill leachate

Atriplex spp. 

Uptake of Salt by Species Native to Canada

13-15% salt when grown in 
roadside Provincial Park soil



Invasive Accumulator – P. australis

• grows prolifically –
invasive!

• effectively extracts Cl‐
from soils

• Based on yearly extractions 
of 72‐82 kg

3 ‐ 9 years

McSorley, K., Rutter, A. Cumming, R., and Zeeb, B.A. 2016.. Waste Management 51: 111-118.



Plant Harvest

• harvesting using existing agronomic machinery
• composting of harvested plant matter to ↓ volume



A B

Composting Phragmites australis



Composting in the Field

87 ± 6%Cl- reduction 88 ± 8% Cl- reduction



Salt Tolerance Mechanism II

2. Excretion



Haloconduction



Recretohalophytes (salt excretors)
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Spartina pectinata
(Prairie Cordgrass)

Distichlis spicata
(Inland Salt Grass)

• salt tolerant
• water tolerant
• native to 

Ontario/Canada



Proving Haloconduction Theory

1. How much salt is excreted?

2. What does the excreted salt look like?

3. How much excreted salt is actually dispersed…and 
where is it going?



1. Quantification of Salt
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Measured Salt Excretion

• both species viable excretors
• larger plants excrete more salt 

(1.4-2.4 yr remediation timeframe)
– based on conservative 8 weeks 

excretion (in 16 week growing 
season)

Size Parameters

Small: <5 shoots of ~15 cm in height 

Medium: 6‐15 shoots of ~ 30 cm in height

Large: >15 shoots of ~40‐50 cm in height

plants do not 
require harvest



Time lapse in SEM chamber with 
changing humidity

2. Salt Characterization

Salt crystals excreted in suboptimal 
conditions



Optimal Conditions; <65% humidity





Size of Excreted Salt Crystals
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Density of Salt Crystals (per mm2)
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3. How much salt is mobilized?

• wind tunnel used to 
develop methods of salt 
capture

• cheesecloth barriers 

• plants tested in triplicate



Field Capture of Salt

plexiglass columns cheesecloth mounts dustfall samplers

ground level 2.5 m height



Salt Capture at Ground Level

- amt. of salt captured ↓with ↑distance
- 2 methods (columns & cheesecloth mounts) are comparable 
- 130,000 - 137,000 μg salt dispersed/week

experimental set-up
cheesecloth mounts



PCA - Field Collection of Salts

Height

LOG Chloride

Average_Temp
Min_Temp

Max_Temp

Total_Precip
Avg_Rel_Humidity

Avg_Wind_Speed

1-7

1-10

1-14

2-7

2-10

2-14

3-7

3-10

3-14

4-7

4-10

4-14

-3

-2

-1

0

1

2

3

4

-4 -3 -2 -1 0 1 2 3

F2
 (1

9.
54

 %
)

F1 (59.09 %)

Jun. 23/16 - Jun. 30/16 Jul. 14/16 - Jul. 21/16 Oct. 06/16 - Oct. 13/16 Oct. 13/16 - Oct. 20/16

samples 
collected in 
June/July
correlate with 
higher 
temperatures

samples 
collected in 
October 
correlate with 
higher wind 
speeds, 
humidity, and 
precipitation

shorter columns collect more salt



Basic Haloconduction Model

Plant

Uptake

Particle Suspension Plume Dispersal

Deposition
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differences
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• time of year

1.



Basic Haloconduction Model

Plant

Uptake

Particle Suspension Plume Dispersal

Deposition
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differences
• [soil] 
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• humidity
• particle 

size (species)
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Basic Haloconduction Model

Plant

Uptake

Particle Suspension Plume Dispersal
Deposition• species level 

differences
• [soil] 
• time of year • wind speed

• humidity
• particle 

size (species)

3.



Aerial Dispersal Modelling
Emission Rate Profile

Meteorological Data



High Volume Air 
Sampler (HiVol)

Passive Sampler: 
Wet Candle



Summary

Phytotechnologies have role to play in 
remediation of salt-contaminated sites
1. Accumulator halophytes - remediation 3-9 yrs

– coupled with composting (achieves ~88% [Cl-] in plant 
waste)

2. First study to demonstrate haloconduction in 
the field
– capture & quantification of salts
– evidence that haloconduction can work as a     

remediation strategy
– modelling studies of dispersed salt underway
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