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Exhaust emissions

Brake & Tire Attrition

Lubricant 
Degradation

Exhaust: NOx, PM10, PM2.5
Diesel Fuel/Soot: Ni, Sr

Brakes: Fe, Ti, Cu, Sr, Mn, Zn, Pb, Cr, Cd
Tires: Zn, Fe, Ti, Cr, Cu, Sr, Pb

Cd, Fe, Pb, Ti

EPA Urban Toxins:
Cd
Cr
Pb
Mn
Ni

S O U R C E S  O F  U R B A N  P O L L U T I O N



How will Seattle’s urban forests tolerate and adapt 
to changes in urban pollution throughout the area? 



• Nonvascular 

• Lack protective epidermis 

• Absorb organic compounds & 
inorganic ions deposited on 
surface

• Undergo significant natural 
drying & re-wetting cycles

• Provide snapshot of wet and 
dry deposition (1-3 yrs)

• History of use as bioindicators in 
Europe & PNW

• Inexpensive analysis costs

W H Y  U S E  M O S S ?



• Metals, in their various forms, can exist in 
pore-water as soluble species or 
precipitate out of solution.

• Metals can stunt plant growth and 
reduce native survivorship in urban 
forests

• WA Dept. of Ecology measured 
‘naturally-occurring’ background levels 
for Al, As, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Zn 
for PSR

• ‘Naturally-occurring’ background levels 
= concentration of hazardous substance 
not influenced by anthropogenic activities

• Strategies can be implemented to ‘tie-up’ 
metals reducing potential for plant 
uptake if staff has an understanding of 
current soil conditions

W H Y  U S E  S O I L ?



Seattle’s Urban 
Canopy Coverage

28% of land is covered by tree 
canopy

Source: City of Seattle 2016 Canopy Cover Study 

72% 
deciduous

28% 
coniferous



• Isothecium 
stoloniferum (Brid.)

• Homalothecium 
lutescens (Hedw.)

• Orthotrichum lyelli
Hook. & Taylor 

Common mosses 
on maples











S O I L  R E C O M M E N D A T I O N S :

• Soil at these locations also above ‘naturally-occurring’ 
background values for suite of metals – continue mulching 
and composting at these sites to ‘tie-up’ metals  & reduce 
ability for plant uptake

• Tillage and soil mixing 8-12” in depth during phase1-2 
activities

• Continue to incorporate mycorrhizal inoculates (both 
endomycorrhizae and ectomycorrhizae species) into bare-
root and potted soil mixtures to increase likelihood of native 
plant survivorship



A D D I T I O N A L  
R E C O M M E N D A T I O N S :

• Regular soil testing for suite of 
metals including Al, As, Cd, Co, 
Cr, Cu, Fe, K, Mg, Mn, Ni, P, Pb, Si, 
Sr, Ti, Zn

• Soil analysis for pH, organic 
matter content, and cation
exchange capacity

• Installation of resin lysimeters to 
measure seasonal and annual 
wet-deposition rates across 
priority GSP restoration sites
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Questions?
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