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Pollutant Dynamics Within Stormwater
Wetlands: Plant Uptake

ally slow theflow of water and cause suspended
particlestofall out; provideasubstrateonwhich
associated microbes assimilate organics, metals, and
nutrients; and takeup pollutantsfromthesedimentinto
the roots. It is arguable whether this last function is
really desirable in either constructed or natural wet-
lands.

Pmtsi naconstructed wetland functionto physi-

A key management question iswhether pollutants
that are deposited in wetland sediments are incorpo-
rated into wetland plant tissue. Will toxic metals and
hydrocarbonsinterfere with plant growth and nutrient
uptake?Pollutantsthat aredepositedinthestormwater
wetland can remain in the pond muck, be taken up by
plant rootsbel ow ground, or betaken upintotheshoots
(Figurel). Will nutrientsberel eased back intothewater
when the plants die back inthefall? Isthere arisk that
waterfowl that feed on wetland plantswill be affected?
Which plantsaremost sensitiveto metal pollutantsand
which aremost efficient at accumulating pollutants? A
study by the city of Seattle (1993) addresses some of
these questions.

The South Base bus maintenance site is a good
example of a hydrocarbon “hotspot” in the sense that
whilegood stormwater practicesareinplaceandthesite
iswell managed, itisan areaof high imperviouscover
andvehiculartraffic: 18.5acresof vehiclemaintenance
area and parking lots. The city converted adry deten-
tion pondto a0.56 acre constructed wetlandin 1988 in
order toimprove outflow water quality and study plant
uptakeof zinc, lead, and total petroleum hydrocarbons
(TPH). Five plant species were chosen for intensive
study: common cattail (Typhalatifolia), water flag (Iris
pseudacor us), burreed (Sparganiumsp. ), blunt spike-
rush (Eleocharisovata), and hardstem bulrush (Scirpus
acutus) whichgrew inmonaospecific standsinthepond.

Boththeamount of pollutantstaken up andthearea
covered by thedifferent speciesweremeasuredinorder
to find the species that is most efficient for pollutant
removal (having highest uptakeper areaof cover). Daily
and seasonal changesinwater level, rainfall, and plant
biomasswererecorded. Duringthesummer, wholeplant
specimenswere harvested, and samples of above- and
bel ow-ground tissue and surrounding soil underwent
chemical analysis. Sampleswereanalyzedforlead, zinc,
TPH, nitrogen, and phosphorus.

The data were analyzed separately for roots and
shoots and pooled for whole plant uptake. South Base
Pond plantsand sedimentswere compared with uncon-
taminated controls. Summarized results for cattail are
presented in Table 1.

Of the five species at South Base wetland, cattail
was most efficient at taking up pollutants. While con-
centrationsof lead, zinc, and TPH wereactual ly highest
in bureed tissue, cattail was more vigorous and there-
forehad thegreatest pollutant uptake per areaof cover.
Pollutant concentrations were also high in spike-rush
tissue but this species ranked fourth in vigor. Whether
thisor any specieswasgrowing at lessthan full poten-
tial becauseof itshigh pollutant uptakeisaquestion not
addressed in this study.

Previousresearch hasindicated that metal uptakeis
speciesspecific, and for most aquatic plantsthe bulk of
pollutants are stored in the roots and not the stems and
leaves (although zinc is more mobile than lead (L epp,
1981)). Thisfindingwasconfirmedfor thefivewetland
plantsat South Base. Thekey result of thisstudy isthat
concentrationsof TPH, zinc, andlead werehigherinthe
root than the shoot (Figure 2). Biofiltration by plants
only worksif the pollutantsare settling to the bottom—
plants do not take up appreciable amounts from the

Sediments, nutrients, trace metals, and hydrocar-
bons enter the pond during storms. The pollutant
load varies depending on the land use near the
pond. Pollutant particles are deposited in the muck
layer, where they are usually bound (1). Some
pollutants may migrate further. Studies show that
plants uptake metals in the sediments into the
roots (2). A very small concentration of metals
enters via the water column and a small concentra-

tion leaves the roots to enter the shoots (3).

Figure 1: Pollutant Pathways in a Wetland
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However, it must be noted that South Base Pond is a
newly constructed wetland, and few studies exist con-

Table 1: Pollutant Concentrations in Cattail (ppm)

cerning pollutant fatein aged wetlands. Itisnot known
TPH Lead Zinc what happenstoroot pollutantsasperennial plantsage.
Roots* 2 867 17.2 195 The whole plant, incl u_dmg the root, gventually d|.$,
Shools* 516 137 31 and pollutantsmay begiven off alongwiththedecaying
s 30*5 3907 1'07 292 material. Even before decay, a point may be reached
O'Z " ’ where living root tissue begins to leak. Indeed, root
Pond muc leakiness (membrane permeability to ions) is aggra-
from typical ed by uptakeof zinc (Lepp, 1981
urban wetland** ND 330 163 vated by uptakeof zinc (Lepp, )-
- ; ; o ing d According to Shutes et al. (1993), pollutant-laden
average of means from three sampling dates plants need not be harvested because the pond muck
**Schueler, 1995 . . . .
will be covered by less-polluted incoming sediment.

water column. Rootsnot only directly takeup pollutants
but al so oxidize surrounding soil, enabling microbesto
assimilate pollutants.

It might seem that because these pollutants are
stored in theroots and rhizomes of plants, we need not
be concerned about risks to animals that consume the
vegetation (unless the roots are eaten) or export of
pollutants to water supplies when the shoots die back.

This cannot be expected at a hotspot site like South
Basewhereincomingsedimentisawayscontaminated.
Sites like these must undergo periodic dredging of at
least theforebay toremoveoverly polluted sediment. I f
aparticular siteis known to receive heavy metals and
petrochemicals then some thought should be given to
whether it is desirable to attract wildlife by providing
food plants—especially edible roots. At any rate, itis
generally agreed that wetlands not be used asthe first
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For some pollutants and some species the combined pollutant concentration from the whole plant—root plus shoot—is still
significantly less than what is left in the surrounding soil while in other cases just the reverse is true. Pollutant uptake is species
specific However, note that in all cases, including those not shown, pollutant concentration was higher in below-ground material
(roots) than in the emergent vegetation (shoots). In most cases the level of pollutants in shoots from the stormwater pond were
not much different from unpolluted controls; Zn in burreed is an exception. TPH, total petroleum hydrocarbons.

Figure 2: Selected Data Sets for Wetland Plants at South Base Pond
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Figure 3: Vegetation Plan for South Base Pond, Seattle (Seattle Metro, 1993)
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interceptor of stormwater. Constructed wetlands in
high-hydrocarbon sites should be placed in seriesafter
other devicessuchasthecoal escing plateor APl water/
oil separators at this site.

Thefollowing recommendationsemerged fromthe
South Base study:

1 Control the source of pollutants (especialy oil
spills) where possible. Place aprimary treatment
system, such as a sand filter or detention pond,
prior to themarsh and install floating boomson
the deep forebay of the marsh. Create a deep
forebay that can be accessed for future dredging
if necessary.

2. Create agentle pond slope for good plant estab-
lishment and diversity. Designfor moderatewater
level fluctuations. Most wetland plantsthrivein
consistently shallow water.

3. Plantprimarily rhizomatousperennia swithlong
growing seasons.

4. Usecattail near theinflows. Prevent this species
fromtakingover thewholemarsh by thinningand
harvesting immature fruit. Choose adjacent spe-
ciesthatarenot likely to be shaded out (Figure 3).

Update

Plansare being madefor the harvesting and dredg-
ing of South Base and an overall management of King

County Metro’s11 constructed wetlands. Vegetationis
well established. Permanent and transient wildlife—
ducks, songbirds, mammals, reptiles - have been ob-
served using the pond. There are no amphibians and
fish asthe pond dries up in September.

Three years of outflow monitoring show consis-
tently low concentrationsof TPH and Pband Cu. Znis
as high as 330 ppb but averages 80 ppb; fluctuations
are non-seasonal. The pond becomes anaerobic and
odiferousin dry periods.

—JIMC
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