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Green roofs and water qualityGreen roofs and water quality

Runoff from conventional roof surfaces can Runoff from conventional roof surfaces can 
have unacceptably high concentrations of have unacceptably high concentrations of 
undesirable pollutants, including heavy metals.undesirable pollutants, including heavy metals.

Studies have indicated that runoff/leachate from Studies have indicated that runoff/leachate from 
green roofs can have lower concentrations.  green roofs can have lower concentrations.  

Green roof systems can theoretically improve Green roof systems can theoretically improve 
urban water quality via filtration/retention of urban water quality via filtration/retention of 
pollutants.  pollutants.  



Green roofs and water qualityGreen roofs and water quality

Are green roof substrates Are green roof substrates 
sources of pollutants?sources of pollutants?

Do the plants in green roof Do the plants in green roof 
systems enhance the systems enhance the 
retention of pollutants?  retention of pollutants?  

Are green roofs sinks for Are green roofs sinks for 
deposited pollutants?deposited pollutants?



Substrate informationSubstrate information

SubstrateSubstrate Size (cm)Size (cm) DetailsDetails

ArkalyteArkalyte 0.6 0.6 -- 1.61.6 Proprietary expanded clayProprietary expanded clay

AxisAxis 0.2 0.2 -- 0.50.5 CalcinedCalcined diatomaceous earthdiatomaceous earth

FBAFBA 0.4 0.4 -- 1.81.8 Ash from subAsh from sub--light bituminous coal light bituminous coal 

Axis+FBAAxis+FBA 0.2 0.2 -- 1.81.8 Mixture of Axis and FBAMixture of Axis and FBA

HayditeHaydite 0.3 0.3 -- 2.02.0 SilicaceousSilicaceous expanded shaleexpanded shale

LasseniteLassenite 0.5 0.5 -- 1.51.5 Amorphous silicaAmorphous silica

Lava rockLava rock 1.3 1.3 -- 1.91.9 Natural volcanic stoneNatural volcanic stone

Pine barkPine bark variablevariable Commercial organic amendmentCommercial organic amendment



ApproachApproach

Batch studies with select green roof substrates to Batch studies with select green roof substrates to 
determine heavy metal content and the determine heavy metal content and the 
exchangeability of those substrates.exchangeability of those substrates.

Greenhouse leaching experiment with simulated Greenhouse leaching experiment with simulated 
green roof models with the same substrates.green roof models with the same substrates.

Field studies with established green roof models Field studies with established green roof models 
and blocks.and blocks.



Batch studiesBatch studies

Total acidTotal acid--extractable metals determined.extractable metals determined.

Ammonium acetate + EDTA extraction to Ammonium acetate + EDTA extraction to 
estimate exchangeable metals.estimate exchangeable metals.

Target metals: Cd, Cr, Cu, Fe, Mn, Ni, Pb, ZnTarget metals: Cd, Cr, Cu, Fe, Mn, Ni, Pb, Zn



Leaching experimentLeaching experiment

Eight media (amended Eight media (amended 
with pine bark) at a with pine bark) at a 
constant depth, half constant depth, half 
with with Sedum Sedum hybridumhybridum

Leached with a set Leached with a set 
volume of water 3 times volume of water 3 times 
over 6 monthsover 6 months

Target metals: Target metals: Cd,Cd, Cu,Cu, Ni,Ni,Cr,Cr, Mn,Mn, Pb,Pb, ZnZnFe,Fe,



Batch extraction results for CdBatch extraction results for Cd
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Leachate results for CdLeachate results for Cd

Planting treatment x substrate x leaching event
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Summary of batch/leachate studiesSummary of batch/leachate studies

Cadmium:Cadmium:
Leaching for some substrates showed a Leaching for some substrates showed a ““first flushfirst flush””
pattern, but continued leaching for others.pattern, but continued leaching for others.
Plants enhanced Cd leaching for several substrates. Plants enhanced Cd leaching for several substrates. 



Batch extraction results for CuBatch extraction results for Cu
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Leachate results for CuLeachate results for Cu

Planting treatment x substrate x leaching event
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Summary of batch/leachate studiesSummary of batch/leachate studies

Copper:Copper:
Leaching for most substrates showed a Leaching for most substrates showed a ““first flushfirst flush””
pattern, but continued leaching for others.pattern, but continued leaching for others.
Plants had minimal effect on Cu leaching, except for Plants had minimal effect on Cu leaching, except for 
HayditeHaydite and lava rock (increased leaching). and lava rock (increased leaching). 
Did the copper leached come from the substrates or Did the copper leached come from the substrates or 
the pine bark amendment?the pine bark amendment?



Batch extraction results for PbBatch extraction results for Pb
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Leachate results for PbLeachate results for Pb

Planted (+)

Planting x substrate x leaching event

AR AB AX BA HY LS LV AR AB AX BA HY LS LV AR AB AX BA HY LS LV
0

50

100

150

200

250

300
Unplanted (-)

1st 3rd2nd

[P
b]

, μ
g 

L
-1



Summary of batch/leachate studiesSummary of batch/leachate studies

Lead:Lead:
Some substrates had surprisingly high concentrations Some substrates had surprisingly high concentrations 
of Pb, but not apparently exchangeable.of Pb, but not apparently exchangeable.
However, Pb leaching increased with time.However, Pb leaching increased with time.
Plants greatly decreased leaching from some Plants greatly decreased leaching from some 
substrates but either had no effect or enhanced substrates but either had no effect or enhanced 
leaching from other substrates.leaching from other substrates.



Concentration of metals in leachate as Concentration of metals in leachate as 
compared to U.S. water quality criteriacompared to U.S. water quality criteria

Concentration, Concentration, μμg Lg L -- 11

CdCd CuCu MnMn** PbPb

U.S. WQCU.S. WQC 22 5858 5050 6565

MeanMean 2.82.8 2.92.9 62.962.9 76.476.4

RangeRange <0 <0 -- 8.28.2 <0.1 <0.1 -- 80.980.9 <0.1 <0.1 -- 1,7341,734 <0.1 <0.1 -- 289.8289.8

* U.S. WQC represents a nuisance criteria



Comparison of leachate concentrations to Comparison of leachate concentrations to 
U.S. water quality criteriaU.S. water quality criteria

% of samples exceeding U.S. WQC% of samples exceeding U.S. WQC

CdCd CuCu MnMn** PbPb

-- PlantsPlants 30.430.4 6.06.0 24.424.4 60.360.3

+ Plants+ Plants 49.149.1 5.45.4 16.216.2 29.329.3

All potsAll pots 39.739.7 5.75.7 20.320.3 45.545.5

* U.S. WQC represents a nuisance criteria



Summary of batch/leachate studiesSummary of batch/leachate studies

Overall:Overall:
Batch studies were not indicative of the leaching Batch studies were not indicative of the leaching 
behavior of substrates.behavior of substrates.
Substrate leaching of metals was highly variable Substrate leaching of metals was highly variable 
between substrates and between between substrates and between leachingsleachings..
The influence of the plants varied, decreasing The influence of the plants varied, decreasing 
leaching in some cases, promoting in others.leaching in some cases, promoting in others.
Leachate concentrations of Cd and Pb generally Leachate concentrations of Cd and Pb generally 
exceeded WQC, with plants having opposite effects.exceeded WQC, with plants having opposite effects.



Future questionsFuture questions

How does source heterogeneity influence the How does source heterogeneity influence the 
acceptability of these substrates?acceptability of these substrates?

To what extent are the substrates perpetual sources To what extent are the substrates perpetual sources 
of pollutants as opposed to temporary sources?of pollutants as opposed to temporary sources?

Can substrates be Can substrates be ““prepre--treatedtreated”” to reduce the to reduce the 
concentration of undesirable elements prior to their concentration of undesirable elements prior to their 
deployment in green roof systems? deployment in green roof systems? 



Future questionsFuture questions

What What physicochemcialphysicochemcial and/or biological processes and/or biological processes 
within green roof systems influence metal solubility within green roof systems influence metal solubility 
and therefore water quality?and therefore water quality?

How might the pairing of plant species with How might the pairing of plant species with 
substrate curtail pollutant leaching? substrate curtail pollutant leaching? 

Can the substrates act as Can the substrates act as sinkssinks for pollutants for pollutants 
introduced by wet and dry deposition?   introduced by wet and dry deposition?   
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