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This poster presents a cautionary tale of what can happen if past land use history and soil Aqueous SRP and TP by Sample Location: 1398-2014 Temporal Comparison of Mean Aqueous SRP Figure 7: Outlet SRP and TP concentrations are significantly greater than all other sampling locations.
 Inlet b b & dbsconnected SRP and TP concentrations at RPE/RPW are similar to inlet, indicating the retention pond is filtering
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quality indicator assessment are not incorporated into wetland restoration protocols. In particular, 2.40
“legacy P” derived from point and non-point sources in agricultural land uses is of concern in ;ig
wetland restoration (Steinman & Ogdahl, 2016; Sharpley et al, 2013). Legacy P may be temporarily

stored and subsequently remobilized or recycled within wetlands, and wetlands may serve as a

out P-laden sediments. SRP and TP concentrations at marsh are both > 1.0 ppm EPA threshold for
eutrophication and significantly greater than all other locations, indicating internal P cycling.
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Error bars represent SE,. Bars with
different letters are significantly
different (p < 0.001).

Figure 8: Outlet mean SRP was significantly greater than inlet mean SRP in comprehensive, pre-

e
o

Mean SRP (mg/L)

Mean SRP/TP (mg/L PO,-P)

sc|>u2r(():(e)7(;f or sink for P, with residence times on the order of years, decades and centuries (Aldous et 120 EPA threshold o widening, and post-widening time periods. Mean SRP increased 189%, 192% and 188% between the
al, 5 ) 0.4 Pre-widening . . - . . s . . .
. 1603 i N TV - 050 inlet an.d outlet sites for th.e comprehensive, pre-widening and post-widening time per|o<.15, |

| Ince we. dve€ monitored water quality a .ra|r|e OlT Sloug ? an .emons ration 0.40 02 respectively. We hypothesized that excess stormwater and snowmelt runoff from the residential
Project (PWS), a pe;l-urblz(an resto(rjed farmed We:andffm nortl':c suburba(;\ Chlclagc:j (Figure 1). The 020 subdivision in sub-basin 5 contributed excess SRP into PWS (sub-basin 4). However, after sub-basin 5
restoration was undertaken to demonstrate the efficacy of restored wetlands in improving inlet  Outlet  Marsh DT Leesaon 1998 2001 20062010 was hydraulically disconnected from PWS during IR-22 road widening, post-widening outlet mean
stormwater quality in the Chicago River watershed. The results of the first phase of this project were Fieure 7 Figure 8 SRP concentration increased 182% from the pre-widening outlet concentration. This increase may
published in Montgomery & Eames (2008), who found that while PWS was effective in reducing indicate that the excess stormwater and snowmelt runoff generated from impervious surfaces in
concentrations and loadings of salts, DO, NO5-N, NH,-N, and SO,-S, total solids (TS) and total Hydraulic Residence Time Study SRP Mass Balance Time Seris sub-basin 5 and delivered to PWS during the pre-widening period effectively diluted SRP
suspended solids (TSS), it exported P to the adjacent Chicago River. However, the authors did not _ LiTracer Analysis — e 2 oo concentrations at the outlet.
investigate other potential sources and pathways of P into and out of the wetland, including legacy P 1 — 1000000 Figure 9: HRT = ~12 hours. 3,257,770 L were stored in the marsh (60% retention). 37 g of SRP was
or. P inputs Yla .atmospherlc deposmon..ln addition, in 2004 the lllinois Department of Tran.spor.tatlon N 2 °:D exported from the marsh in the Chicago River. For the period, 22 April 2012 thru 10 May 2013 (data
widened lllinois Route 22 (IR-22), which forms the northern boundary of PWS, resulting in the 07 %

not shown) 219 kg of SRP was exported from PWS through the outlet to the Chicago River. During
the same time period, we estimated that the inlet contributed only 6.4 kg. That accounts for less
than 3% of the SRP loading to the river. In a subsequent study (data not shown) from 31 July to 18
November 2013, 85.7 kg of SRP was exported while only 1.8 kg or 2.1% was accounted for at the
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hydraulic disconnection of a residential storm sewer sub-basin (sub-basin 5; Figure 2) that delivered
runoff from residential land use impervious surfaces to PWS during high precipitation events .
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Research Questions: " , e Yool 000 - s g inlet.
1. What impact did widening of IR-22 widening have on P dynamics? D Mmesnce ot Time Since Flow Initiation (hours) Dseniiraynd Figure 10: Average flow rate increased 1,940% between inlet and outlet. 862,000 L of stormwater
2. What are other potential sources and pathways of P (e.g. including legacy P) into and out of Figure 9 Figure 10 were exported to the Chicago River due to increased flow contributions from sub-basins 1 and 2

PWS? (Figure 2) which deliver stormwater to a dry-bottom detention pond in sub-basin 2. Water from the

Porewater SRP Concentration and Flux Release of SRP at 4°C, 21.1°C, and 26.8°C detention pond flows through a swale that is confluent with the swale draining a wet bottom
OBJ ECTIVES | 180 retention pond in sub-basin 3. SRP mass concentration increased 3,800% between the inlet (0.45 kg)
. %‘2.00 Error bars represent SE,. Bars with ::28 : :E{g:rf::c and OUtIet (17'5 kg)'
. . . . £ different letters are sign"i‘;icantlv |

1. Describe the spatial an.d temporal changes that havg occurre-d-m st(-)rm-water discharge and : aferent (p<0.002) 3 120 coe Figure 11: Mean SRP in -18 cm chamber is significantly greater than mean SRP in all other chambers.

concentrations and loadings of TP and SRP over the lifetime of this investigation (1998-2014). 3 > L e There is an upward flux (computed using Fick’s First Law) of SRP to water column, contributing as

. . . . . L. . . 2 001 | 26.8 °C

2. Evaluate the impacts of road widening on spatial and temporal variations in stormwater discharge g o o e of much as 2.74 kg yr of SRP.

and P concentrations and loadings into and out of PWS. fos 8 14 21 20 35 43 45 5o Figure 12: Bench-scale studies show a positive correlation between water temperature and the
3. Quantify the contributions of both legacy soil P and atmospheric P deposition to the P pool. ays release of SRP from cattail biomass. At typical summer water temperatures (27°C), the mean SRP

Compute hydrologic and P mass balances and retention efficiencies. © Botom(18cm)  Middie(10am)  Top(2cm) Wate ol (113 Figure 12 release rate after five days was 217 mg kg of biomass, and 409 mg kg of biomass after six weeks.
5. Develop best practices concerning restoration design and post-restoration soil and water quality - Mean summer SRP release after six weeks was 7.3X greater than mean winter SRP release.

monitoring for practitioners engaged in wetland restoration planning and design. Figure 11 Figure 13: Mean SRP in the cattail fringe was significantly greater than all other habitats. There was

. , : T not significant difference in mean SRP between the marsh sediment and the unrestored (“analog”)
Comparison of Mean Soil SRP Among Transect S A s A R S s o s A ) . .
Sampling Locations Atmospheric P Deposition ' '/ ' | Site (Flgure 3)-
100.0 a 2 . . . . .
SITE DESCRI PTI ON 9.0 _ B 0 Figure 14: Using the average daily rates developed from our atmospheric deposition study (Shah,
. _ _ _ o T oo d{’ 2015), we estimated that the marsh covered by cattails could contribute 17. 3 kg of SRP and the
_ E d .
PWS .|s a peri-urban restored farmed wetland in unlncorpora.ted Lake County, lllinois (T43N, R12E, Sec EE 00 : open water marsh another 9.2 kg. This suggests that as much as 26.5 kg of SRP or 12% of the
17; Figure 1), located approxwrlatfely 50 km nc?rth of the Chicago LOOP' Owned and m?naged by the g 00 ? c exported SRP (219 kg) could result from atmospheric deposition on the 3.4 ha marsh. During the
Lake.Cc.Junty Fgrest Preser.ve D|§tr|ct, PV.VS drains a .98 ik (.242 8, re§|dent|al/commerC|aI SIS, : o ' . subsequent study later in 2013, we estimated that 7.7 kg of exported SRP or 9% could be explained
consisting of five sub-basins (Figure 2) into the Chicago River. The site encompasses 14.1 ha (35 ac) oo by atmospheric deposition
and was drained for farming in the early 1900s. In 1994, 10.1 ha (25 ac) of the site was restored to & & < & K
Tall 1 0\\ ‘\e"‘::;b ‘0‘90 e,‘}'&e

wetland and the remaining 4 ha (10 ac) was left as a woodland. The wetland was hano!—planted with & & & % CONCLUSIONS
61,000 plugs (= 1 plug/m?) and = 3 ha was open water. Nearly all the stormwater entering PWS flows sample Locations %
through a swale leading from a detention basin (“inlet” — subbasin 3, Figure 2). The marsh water Figure 13 Figure 14

elevation and discharge to the Chicago River are controlled by an adjustable rectangular weir Concentrations and mass loadings of stormwater P at the outlet were significantly higher than at the
(“outlet”). Sub-watersheds 1-3 and 5 are a mixture of retail, office parks and single family residential inlet for the 18 year duration of this study. Other sources and pathways of P into PWS include legacy

: . . . P derived from pore water flux from marsh sediment, P release due to cattail biomass decomposition,
US?S' ECOIQgICE.'I communities mcludg open-water marsh, savanna, mesic and wet.pralrle.. East (.)f the MATE RIALS AN D M ETHODS P release resulting from wind-induced resuspension of sediments, and atmospheric P deposition. The
Chicago River is an unrestored previously farmed field that serves as an analog site against which to ’ '

compare the impacts of restoration on P dynamics (Figure 3). fact that there was no significant difference in P concentrations between the marsh sediments and

 Bi-monthly synoptic bulk water samples collected at the inlet, outlet and marsh sites since 1998 the soils collected from the unrestored “analog” site, both of which were farmed and probably
(Figure 4). Temperature, pH, DO, SPC, redox measured in situ using YSI™ 600 XL sonde. received inputs of rock phosphate, supports our conclusion that excess P into PWS came from various
 chcr The PWS Storm Sewershed  Inlet flow measured with a 90° V-notch weir and at outlet with a rectangular weir. legacy P and atmospheric sources. Twenty years after restoration was completed, PWS remains a
it W St * Bench scale measurement of SRP release via cattail biomass decomposition measured using point source of P into the Chicago River. Understanding the link between wetland soil quality and
SER twelve 19-L aquaria, each with 400 g of dried biomass, at three temperature regimes. water quality is an important consideration in selecting candidate sites for restoration. Detailed site
% e Pore water TP and SRP measured at three depths below the sediment surface in the marsh using history of a candidate restoration site should be conducted, and potential legacy P sources should be
% acrylic samplers mounted on aluminum frames (Figure 5). identified and quantified, particularly if water quality improvement is a prime goal. Finally, most
S B ES Nl = R S R\ e All bulk water and agueous samples analyzed for TP and SRP following APHA (2005) methods. importantly, post-restoration management practices must include long-term monitoring (5-10
Prairie Wolf Slough N, e TN 493 ha\‘/ Nl O e Soil SRP and TP extracted using Mehlic 3 and measured using the molybdovanadate method years) of water and soil quality.
mamf?ﬂfx&?ﬁ %ﬁﬁf%mﬁr y g\ 7S 244 :: Y | ‘_ : (Hach™ Method 8048) on a Chinchilla™ EasyChem analyzer.
R e B SR - O b ST * Hydraulic residence time (HRT) measured using Li ion tracer added to flow at inlet on 11/26/11.
AL B S e Samples collected at outlet every 4 hours from (11/26/11 — 11/28/11) using an ISCO™ sampler.
Li concentration measured using Flame AA spectrometry. R E F E R E N C ES
e SRP and flow mass balance computed during period of 9/3/13 — 11/5/13. Samples collected
every 6 hours using an ISCO™ sampler. 1. Aldous A.R., C.B. Craft, C.J. Stevens, M.J. Barry MJ, and L.B. Bach. 2007. Soil phosphorus release from a restoration wetland,
 Atmospheric SRP and TP deposition measured using dust samplers (Figure 6) constructed by Upper Leimeiin e, Oegon, Welknes 27510=105E
Shah (2014). 2. American Public Health Association, American Water Works Association and Water Environment Federation. 1995. Standard

Methods for the Examination of Water and Wastewater, 19th Edition. American Public Health Association, Washington,
D.C.

3. Montgomery, J.A. & J.M. Eames. 2008. Prairie Wolf Slough Wetlands Demonstration Project: A Case Study lllustrating the

e Water quality data analyzed for three time periods: (1) 1998-2014 (Comprehensive); (2) 1998-
2004 (Pre-IR 22 widening); (3) 2006-2014 (Post-IR 22 widening).
Statistical analyses — performed using R (R Core Team, 2012) on the following data sets:

o g

Need for Incorporating Soil and Water Quality Assessment in Wetland Restoration Planning, Design and Monitoring.

s Bulk Water P: We tested whether mean SRP and TP at the outlet (Figure 4) were significantly Rest. Ecol. 16(4): 618-628.
greater than the inlet using Wilcoxon signed rank paired t-tests. SRP and TP concentrations did 4. R Core Team. 2012. R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna,
BN not meet the assumption for normality and were log,, transformed. Austria. ISBN 3-900051-07-0, URL
¥ kh 2 < Porewater P: ANOVA was used to test for differences in mean concentrations among 5. Shah, C. 2015. Measuring Rates of Atmospheric Phosphorus Deposition into a Fresh Water Wetland," DePaul Discoveries:
Buckthorn Savanna . . T . .
Z "" . porewater chambers. Data were natural log (In) transformed for normality prior to analysis. Vol. 4: Iss. 1, Article 8.Available at: http://via.library.depaul.edu/depaul-disc/vol4/iss1/8
R e 18 i Means were compared using Tukey’s HSD. 6. Sharpley, A., H.P. Jarvie, A. Buda, L. May, B. Spears and P. Kleinman. 2013. Phosphorus Legacy: Overcoming the Effects of Past
.|. Dust c;,;lgg};ors I . ! < Soil “Legacy” P: ANOVA used to test for differences in SRP among habitats along down- Management Practices to Mitigate Future Water Quality Impairment. J. Environ. Qual. 42:1308-1326.
@ Bulk water sampling si _ Sy 3 . . . .
Parsabalie sar’:&ﬁw o T T, ) gradient hydrologic transects (Figure 4). Data were natural log transformed for normality prior 7. Steinman, A.D. and M.E. Ogdahl. 2016. From wetland to farm and back again: phosphorus dynamics of a proposed restoration
-;;g—?oi_li_ﬁediment, sam”Pﬁ sect ik, o to analysis. Means were compared using Tukey’s HSD. project. Environ. Sci. Pollut. Res. DOl 10.1007/s11356-016-7485-4
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