The Distribution of Nutrients in Urban and Agricultural Ponds Used in Determining the Cost Effectiveness of a Biochar Filter BMP
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— Determine the concentration and distribution of dissolved and total phosphorus in a range of P e Inputs: Isotherm and kinetic constants [11], biochar material properties [6][10], feed concentration, desired
, . : : Toxin producing cyanobacteria Microcystis require ~0.022 mg/L phosphorus [5] with | _ i ' .
pond types including agricultural, urban, and golf course drainage. = P 5 ¢y y . g/L phosp [5] g STk removal rate, desired flow rate (dependent on filter depth/length) KQC
_ S . _ _ _ an optimal N:P ratio of 7-9. N:P>23 indicates P deficiency for algal growth [4]. 5 6000 Outputs: Breakthrough time (filter life) is 3-6 months, benefit per volume treated |Langmuir: q, = —
—> Explain any variability in concentration by pond and depth using a wide range of possible related £ 400-00328% | . . 1+KC,
. . . — USEPA: 25% of lakes & reservoirs in ecoregion Xl| are below 0.008 mg/L and 75% | 2 200w 20 167% (see below). The proposed trial filter in a 55 gallon barrel would cost under $500. (7
parameters such as dissolved iron, pH, and dissolved oxygen. o  ax e T V. =
' . ] _ below 0.045 mg/L [7] oo L PP W b1 D2 P &P ¢ aqe
= Model the potential costs and benefits of a biochar filter. o The median cost of other phosphorus BMPs is $2200/kg of phosphorus removed [8]. €t Ppuik oC
. 0 . . . . e
—> Assess the benefits of applying such a phosphorus filter to the sample ponds. o The pooled standard devation was 450 o ciculate th intervals Left: Confidence intervals comparing The pooled tandary Ao e aicuate th itervals This system may cost between $500 and $1000/kg. While this method cannot be |the Langmuir isotherm and
: : : 0.30 - . . . . . . . .
. :'SZOI_VefjﬁphO:Iphor“S ':heaCh”pot';d' LP expected to turn a profit, for higher concentrations and larger installations, this may |concentration velocity were
ad sighinicantly more than alt other == : used to determine filter life.
BAC KG ROU N D == 1 ponds, likely due to the larger cow pasture | be cheaper than conventional BMPs.
: — : — %“‘““' watershed , and the average pH of 9.2. & | : — :
—> Phosphorus is often the limiting nutrient for algae and cyanobacteria in freshwater [3]. £ o3 Right: Confidence intervals comparing E 0151 0010 - Left: Biochar trial filter with
(n
. . . . 0 o007 : = 0.10
— Phosphorus builds up and becomes saturated: in a pond in the Czech Republic, the percent - E total phosphorus in each pond. LP was sand and gravel layers that
. . . . 001 E I significantly higher than all other ponds, 005 = 0.008 - orevent clogging and
removal of total phosphorus declined from 80% to 40% over a 4 year period [9]. For saturated - while DP was statistically greater than GP | 2
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ponds a new best management practice (BMP) may be required. 0P o P "W P & JW. oF 6P o w 1 AP collects some TP.
o ‘ | [ ) .
— Uptake and sequestration by plants and algae tends to be slow and reversible [2]. Scatterplot of TP mg/L vs Fe (mg/L) Left: The positive relationship between iron Scatterplot of TP mg/L vs DOC (mg/L) § Right: Plot showing
== concentration and total phosphorus o4 = el o b fits b ;
. . . : L . 2 0004 - enefits based on nutrient
= Phosphate filters have been attempted with various substrates including limestone, carbonaceous N matches theory since iron is known to " | |
sand, iron-rich sand, and biochar [1]. bond with phosphorus. The data are highly | ™ “E credit trading (red) and
. , , . _ . . _ g 03 scattered, because many other factors such | < 2 0002 benefits of using collected
—> Biochar has shown promise since it has high sorption capacity, can be made from waste materials, s as pH, DOC, and turbidity also explain TP. | & Shosphate (blue). These
and can be directly applied as fertilizer [11]. Right: Scatterplot illustrating the positive 000 _ '
16 01 relationship between dissolved organic . 00 0 04 06 03 0 values are independent of
M-—E:::: 0.0l | | | | | | | carb(;)n (DOC) and total phosphorus in all 00 | | | | Feed concentration of phosphorus (mg/L) flow rate.
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" urban pond) (n=10
2 o] e | SUMMARY
= : ~ % RN N . o . ¢ Left: DP has natural inputs from Stroubles Creek Scatterplot of TP mg/L vs pH
6 1 ' e{\,_' / / : 3 | : : 022 . . . . . . .
&= - o a”d Webb Branch which are spring-fed and . — 5 sample ponds indicated that the nutrient concentrations in retention ponds in both urban and
4 S drain most of the impervious surfaces in 0.20 : : : . . : : :
, ‘ o P l 8lacksburg. This is the only pond that had agricultural settings vary widely, especially given the five-fold difference between the 2 agricultural ponds.
: R / 5 - . 0.18
0 [ ] ' , Middiei(n=2) continuous outflow. Do —> On average TP was 11.848.2 times greater than DP indicating that filtration should also consider total
1994 1995 1996 1997 10kV X600 zopm image provided by Carbolea.Ul.ie In-lét (_‘n=1) : Right. The positive relationship between pH = h h . .« . .
9 5 B 4 : - phosphorus removal via straining of particulates.
Data on a Czech retention pond depicting a decline in the ability of to A SEM micrograph illustrating the porosity and, \ % and TP in pond DP may evince biological activity . . . _ .
remove phosphorus [9]. consequently, high surface area of biochar. oy | Jor may be related to higher amounts of DOC, R = The angCUItural pond LP” was found to contain the hlgheSt levels of DP and TP, this is Ilkely due to the
Y s o S8 | which tends to increase acidity. o e T H o large area of cow pasture that it drains (at least 8 acres).
g P
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MATERIALS AND METHODS W (agrict ’ ond) (n—1 = Over all we found maximum TP was correlated to low conductivity and high DOC. Conductivity tends to
. _ _ . B Y ; i s Left: JW pond (estimated volume of 2000m?) is e DB e decrease with increasing DOC—elevated TP is indicated the presence of more organic matter.
1. Pond water was sampled using a van Dorn sampler at 0.25 m intervals in each pond at the inlet, : | - ; i) . . , o _ _
, , o N fed by horse pasture drainage and has a small . —> Within each pond, DP and TP did not tend to vary significantly between the inlet, middle, and outlet.
middle, and outlet. Simultaneously, a YSI Sonde was used to measure temperature, conductivity, outlet pipe. Its watershed is relatively smalland | 0
dissolved oxygen, pH, and turbidity. it was previously used as a swimming hole. | = Contrary to equilibrium principles, pH and iron were not correlated; however, DOC and iron were
: S . 2 . . . .
_ _ , _ . 8 Bt - L L 2 O ositively correlated (R°=0.3) which may implicate chelation as a factor.
2. Sediment samples were collected using a 2 inch diameter corer modified for shallow water usage. 5 Middle)(n=5) nght- The positive relationship between Fe and 3 P Y ( ) y1mp
. . . | . QR (=S | DP in the JW pond matches theory; reduced | &,y — Removing phosphorus using a biochar filter could be cost effective provided that the biochar was bought
£, Outieti(n=5) e . .
3. Concentrations: A SEAL autoanalyzer/colorimeter was used for dissolved and total phosphorus and - L M ‘ iron is more soluble and tends to release the 4 d locall | d/ 4 d be ob 4 | Elter BMP
: : : : RSN = (= Sl di and resold locally at value and/or nutrient credits could be obtained for implementing a filter :
nitrate, ion chromatography for sulfate, a NDIR analyzer for dissolved organic carbon, and ICP-AES N phosphorus complexed with it. Still, dissolved [58 Y P 5
. . 7. =i N phosphorus was very low at this pond. —— —— —— —— —. : : : : “| p” :
for dissolved iron. ., \ . . o . . = It is recommended that a trial filter be installed at pond “LP” to determine actual phosphorus removal
. ‘ S . rates, filter life, and effects on nutrient concentrations.
4. Sediment samples were frozen for future analyses. ID (urban pond) (n=9)
_ __ : e 4 =l eft: ID pond is not complete in this imagery Scatterplot of TP mg/L vs DOC (mg/L)
e 2 1 . | e B =~ ~from 2011, the inlet (fed by two storm outfalls) 14, °
&\ a5 separated from the middle and outlet by a 12]

: ~' rock and soil berm. L ACKNOWLEDGEM ENTS

0.8

Right: Scatterplot showing the positive

TP mg/L

0.6

L& | elationship between DOC and TP in pond ID. The National Science Foundation REU: StREAM Lab (This research was funded in part by NSF-REU Grant (EEC-

- Qe (=) > o
SEA S e Eo R | The inlet DOC and TP were lower than the 4

1156688), The Scieneering Program, Stephanie Houston, W. Cully Hession, Laura Lehmann, Kelly Peeler,

~ middle & outlet on the other side of the berm. 1 C. : : . :
_ ol S e Zachary Easton, Virginia Tech BSE Department, Katie Atkins, Sarah Medley, Erica Davis, Ryan Stewart
o 5 12 13 14 15 16 17 18 19 20
e AR S bt g R o DOC (mg/L)
LP (agricultural pond) (n=6 REFERENCES
! =% TR ¢ '\\ _ " ~dLeft: LP is very algae-rich corresponding to its Scatterplot of DP R2 mg/L vs depth (m)
3 : high nutrient levels. The source is an upper =
: _ [1] Bock, E., Smith, N., Rogers, M., Coleman, B., Reiter, M., Benham, B., & Easton, Z. M. “Enhanced Nitrate and Phosphate Removal in a Denitrifying Bioreactor
= | pond and pasture drainage. 0.12- with Biochar”
Right: Scatterplot demonstrating the positive o M [2] Beutel, Marc W., Matthew R. Morgan, Jonathan J. Erlenmeyer, and Elaine S. Brouillard. "Phosphorus Removal in a Surface-Flow Constructed Wetland Treating
relationship between depth and DP in pond LP. | £ ccs. Agricultural Runoff." Journal of Environmental Quality 43 (2014): 1071-081. American Society of Agronomy. Web. 11 June 2014.
o
This was the sole instance when these| & ) [3] Correll, D. L. "Phosphorus: A Rate Limiting Nutrient in Surface Waters." Poultry Science 78 (1999): 674-82. Oxford Journals.
| correlated well, this may be due to the higher . [4] Hecky, R. E., and P. Kilham. "Nutrient Limitation of Phytoplankton in Freshwater and Marine Environments: A Review of Recent Evidence on the Effects of
sampler at the JW agricultural levels of DP which outweigh random variations Enrichment." Limnology and Oceanography (1988): 796-822.
. pond. seen in the other ponds. o 02 0a 0 ) 10 [5] Olsen, Yngvar. "Evaluation Of Competitive Ability Of Staurastrum Luetkemuellerii (Chlorophyceae) And Microcystis Aeruginosa (Cyanophyceae) Under P
0 . L Limitation." Journal of Phycology 25.3 (1989): 486-99. Wiley Online.
B. Sample collection at GP’ note GP (go|f pond) (n=9) [6] Shenbagavalli, S., and S. Mahimairaja. "Production and Characterization Of Biochar From Different Biological Wastes." International Journal of Plant, Animal
the outlet pipe and mooring to | Left: GP is adjacent to a spring-fed pond, but Scatterplot of TP mg/L vs pH and Environmental Sciences (2012): UPES.
maintain position. : W : | 2 ¥ S only connected via the groundwater, during 0.070- [7] USEPA. Office of Water. Ambient Water Quality Criteria Recommendations: Information Supporting the Development of State and Tribal Nutrient Criteria:
o 38 \ : o ‘ e ‘ high flow events this pond discharges into . Lakes and Reservoirs in Nutrient Ecoregion XI. By Health And Ecological Criteria Division. 822-B-00-012. 2000.
C. Preparmg to take samples at R : Bl ™ Roanoke River. =) [8] Van Houtven, George, Ross Loomis, Justin Baker, Robert Beach, and Sara Casey. Nutrient Credit Trading for the Chesapeake Bay An Economic Study. Rep.
the middle of DP. Inlet’(n=2) : ' . Chesapeake Bay Commission, May 2012.
D. Taki d t % salielell gyu=0) (; s Right: The negative relationship between pH é [9] Vymazal, Jan. "Removal of Nutrients in Various Types of Constructed Wetlands."Science of The Total Environment 380.1-3 (2007): 48-65. Elsevier.
. 1aking redox measurements, % = A () and TP in the GP pond is not explainable by _ _ o . . . o ,
th dat : dtob | DOC si DOC and TP . ated f 0.0551 [10] Yaghoubi, Poupak, and Krishna R. Reddy. Characteristics of Biochar-Amended Soil Cover for Landfill Gas Mitigation. Proc. of 2012 Pan-Am CGS Geotechnical
In n re n rr r
€5€ ddta were found to be ) > ;e al f d : ° c(;) clated fo Conference. UIC. Web. 28 July 2014
. this pond. TP was low for this pond—even over 0.050-
unreliable due to a very |Ong & , ‘ i the ranee of 0.6 bH. TP chanees minutel [11] Yao, Ying, Bin Gao, Mandu Inyang, Andrew R. Zimmerman, Xinde Cao, Pratap Pullammanappallil, and Liuyan Yang. "Removal of Phosphate from Aqueous
A Rl e R . , inu . - : - : ' ; ' . . . . . - " . .
equilibration requirement. ‘ . Nas s g 8 P & y e "o 50 :n: 52 83 84 Solution by Biochar Derived from Anaerobically Digested Sugar Beet Tailings." Journal of Hazardous Materials 190.1-3 (2011): 501-07.Elsevier.




