Stripping contaminants from
road runoff
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What's in road runoff?

Recent New Zealand studies:
— road dust (Zanders 2005)

— road sweepings & catchpit
sediments (Timperley et al. 2003,
Depree & Simcock 2007)

— road runoff (Taylor 2006,
Timperley et al. 2003)

— metals loads Iin swale &
bioretention soils




Pollutant sources in road runoff

Tyres

—1.191018.30 g/kg Zinc
 Brake pad dust

— 0.3510 9.63 g/kg Zinc

— 0.07 to 1.98 g/kg Copper

* Vehicle exhaust & engine olls
— PAH & Hydrocarbons

« Uncontaminated soll

— 0.017 g/kg Copper

— 0.065 g/kg Zinc




Particle size in runoff

e catchpits & road sweepings have similar
particle size distr., 30 to 50% <0.5 mm

e tota

road dust is finer, ¢.70% <0.5 mm
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Small particles have high metal
concentrations

Particle size Total metal concentration mg/kg
Cu Zn Pb
0 - 63 microns (clay) | 189 1889 319
63 -125 microns (silt) | 212 1628 334
125 - 250 microns 184 1073 251
0.25-0.5mm 85 507 193
0.5-1mm 26 268 323
1-2mm 21 226 36
Whole sample 124 962 249




Efficiency of removal depends on
device, maintenance & particle size

e Clean catchpits retain 65% of
sediment 0.1 to 0.5 mm diameter

BUT
e This reduces to c. 30% for

catchpits partially full of sediment

* Filtration devices are able to
remove small particles but should
not remobilise sediment or release
metals into dissolved phase




Sediment in most catchpits & road
sweepings Is polluted by Zinc

Standard Copper Nickel Lead Zinc
mg/kg mg/kg | mg/kg | mg/kg
Class A landfill criteria 100 200 100 200
Class B landfill criteria 10 20 10 20
Biosolids grade A 100 60 300 300
27 12 63
Background Soill 1to76, 4to 320 20 7to 97
Catchpits Median 85 22 133 464
Catchpits 75% 116 67 182 706
Road sweepings Median 55 24 117 336
Road sweepings 75% 129 67 _



Runoff from roads with moderate to

high traffic is also polluted

Rainfall event & size TSS Copper Lead Zinc
mg/l ug/l ug/l ug/l
A 75mm 20 47 4 550
B 11 mm 600 62 70 1160
C 7mm 180 102 9 610
D 23 mm 570 67 59 1230
E 12 mm 1830 178 135 3440
F 152 mm 30 10 7 1420
ANZECC & ARMCANZ std 100 8 - 1.4




TSS in road runoff generally decreases
as rainfall increases — treatable
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Sediment buildup over 3 months




Hot spots: PAH related to traffic volume
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Hot spots: >¢.10,000 vehicles/day

OZn
H Cu

294

315

600 -
T [476

> 421 J_
r\g 400
s
c
S
< 200
& 85.2 101.1

L ]

high medium

relative traffic volume

low




Motorway swales: measured metals
adjacent to ramps & straights

Transect across the swale, 8.7 m from Ato C

/

® Sample location for 2 bulked samples 1 m apart



Hotspots: on-off ramps
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Conclusions: road runoff

* Road runoff impacts via increasing
runoff volume, peaky hydrographs

 Roads generate pollutants: sediment,
zinc, copper, PAH (temperature, N &
P)

 Roads >c.10,000 vehicles/day & hot
spots typically have pollutant conc.
that should be treated



‘all New Zealanders must commit to
support the preservation of the
environment by embracing whatever
actions necessary to reduce pollution
generated as part of everyday private and
commercial activity.’

Richard Riley, chairman of the conference committee
‘The Heat is On’ Annual conference of the Road
Transport Forum NZ, Sept 2007



Ways to reduce pollutant loads

Reduce source area
(bioretention requires c¢.2% of
road area in Auckland)

Reduce inputs (tyres, wheel
palances, brake pads)

Reduce runoff volume
(promote infiltration)

Reduce pollutant
concentrations by treating
runoff — usually target TSS




Treating runoff

Two treatment technologies researched —
treatment walls and biofiltration areas

Targetted - substrate permeability & abllity
to remove dissolved metals & PAHs

Laboratory tests
Field trials & demonstration sites

Survey of ‘commercial’ installations for
Implementation & maintenance issues



Treatment walls & biofiltration

Physically filter runoff

Add chemical removal by adsorption...
effectively ‘smart’ sand filters

Biofiltration also uses biofilms and plant
uptake/root activity to enhance removal

Planted filters can add value by looking
great, capturing dust, glare & noise
reduction, frangible landing place...






Key properties

High permeability (100 to 500 mm/hour),
resistance to clogging

Removal of dissolved metals & PAHS
Minimal release and re-release
Support plants (moisture, pH, nutrients)




Substrates tested

 Organic materials : peat, sphagnum,
sawdust, bark, composts, kiln ash

* Inorganic materials: zeolite, steel slag,
pumice, scoria, limestone, kiln ash, beach
sands

 Natural solls: Granular, amended Ultic,
Allophanic, Recent, Pumice



Method

o Spiked water or dirty
stormwater

Cu =70 gLt
Zn =930 gLt
TP =0.2mg L1
TN =1.0mg L1
pH =6.2

 Measured permeabillity &
removal of metals




Typical results: Zinc



Conclusions from lab tests

All media produced leachate with
acceptable pH range

Mixes with wood ash, lime, iron slag,
Granular Soil, sphagnum and zeolite
reduced Zn to detection levels

Green compost mixes released Cu and
N, especially in the first few irrigations

Soills should be tested for N and P

Wood ash - Sphagnum mixes removed
>90% of dissolved metals and PAHSs.
Either material by itself was ineffective



Four field trials of treatment walls

Henderson carpark: wood ash
vs. sand vs. compost + 20%
sand

Hamilton roundabout:
sphagnum — woodash mix
1:10 by mass

Cambridge SH1 intersection:
sphagnum — woodash mix 1:5
by mass

Tauranga quay roundabout:
Sphagnum basket on wood

ash



Henderson Rec Centre treatment

Dissolved Cu Dissolved Pb Dissolved Zn
Autumn/ Autumn/ Autumn/
Summer Winter Summer Winter Summer Winter
Input 6.1 2.7 3 1 112 51
Sand —
Output 3.1 3.0 1 1 37 6
-0
Sand — % 49 12 56 _ 67 88
Retention
Compost —
Output 8.9 3.9 3 1 57 9
Compost —
% Retention 45 45 2 B 49 82
Ash —
Output 2.9 2.3 2 1 21 19
0
éSh /0 53 12 46 _ 81 62
etention




Treatment wall conclusions

Wide variation in nature of runoff (TSS, pH,
nutrients and metal concentrations)

Zinc the most mobile contaminant

Truck spills at Cambridge and Tauranga
spiked TSS, pHand P

Wood ash-sphagnum very effective until
saturation & breakthrough (12 months @
Tauranga). Trial ime & slag.

Effectiveness requires regular removal of
sediment to maintain permeability

Effectiveness higher than sand filters



Bioretention trials
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Plants help remove metals

Cd Cu Pb Zn

Allophanic 1.9 75 19 686
Ultic 2.5 80 27 906
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Field trial: bioretention



Concentration reductions, first 4 events

INLET TSS Total metals (ug/L)
ID  #samples (mg/l) Copper Lead Zinc
C Composite 183 102 9 608
D 6 discrete 572 67 59 1233
E Composite 1827 178 135 3439
F 7 discrete 32 10 7 1423
OUTLET
C composite 2 14 <0.3 8
D 6 discrete 2 11 0.5 16
E composite 19 27 1.4 7
F 1 discrete 28 5 1.8 599




Substrate depth (mm)

Bioretention devices accumulate
contaminants
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Bioretention buffers small volumes
& shock loading

50.0 + 13
—eo— Inflow

40.0 -

30.0 -
Infllow
(Ls™)

20.0 -

10.0 -

0.0 \
11:38 12:50 14:02 15:14 16:26

Time (h:min)




Treatment train: swale - raingarden

Source TSS (mg |1) Total Metal ( g |1)
Copper Zinc
Swale inflow 781 54 119
Swale outflow 223 56 106
Raingarden outflow 82 48 39
Trt train efficiency 90% 11% 67%




Implementation issues

Maintaining recommended permeabllity
critical

Pretreatment needed for sites with high
TSS (>300 mg/l) or (for treatment walls) at
least quarterly removal of sediment

Both devices require bypass or overflow
structures to direct large flows around the
filter media in high rainfalls



Examples of bioretention



More bioretention examples



Conclusions

Treatment walls and bioretention devices are ideal for
treating hotspot runoff from frequent events

These devices consistently & significantly lower
pollutants in dirty runoff as long as permeability and
exchange capacity are adequate

Treatment walls are more efficient than sand filters at
removing dissolved metals, with similar capital &
maintenance costs

Bioretention devices are lower maintenance options as
plants help maintain permeability



