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Prospective Risk Assessment

Calculate Hazard Quotient (HQ) for each OCP

BSAFsSoil OCP levels

Predict fish OCP levels in a flooded field

Add HQs to calc Hazard Index for mortality
(DDE – Use HQ for reproductive effects)

Remediation and Management

TRVs for fish-eating birds
+



Unexpected Challenges



Timeline of Events

1998-2002 Farm
Purchase

1998 Bird
Mortality

Event

2001-
2004

Bioaccum.
Studies

2002
Duda

Flooded

2003
Flow-Way

Built

2004 Sand
Farm

Flooded

2007-
2009 Soil
Inversion

2008 Phase 1
Flooded

2009 Phase 2
Flooded

2011 West Marsh
Receives Spoil

2013 Phases 3, 4,
& 5 flooded

2014 Phase 8
flooded



Remediation Plan: Obstacles
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• High Soil TOC (40+%) & Moisture Content (60+%)
• Organochlorine Pesticides (OCPs) confined to top 10”

with contamination of over 8,000 acres

units: mg/kg

Residential
Soil Cleanup

Target

SQAG
Threshold

Effect Conc.

SQAG
Probable

Effect Conc. Average Max

4,4'-DDD 4.2 0.0049 0.028 0.816 8.8

4,4'-DDE 2.9 0.0032 0.031 1.842 16

4,4'-DDT 2.9 0.0042 0.063 1.398 62

Dieldrin 0.06 0.0019 0.062 0.423 3.3

Toxaphene 0.9 0.0001 0.032 14.268 150

Target: Human health benthos benthos



Biota Sediment Accumulation
Factor (BSAF)



Results - BSAFs

n = 229 or 314 fish samples for marsh and 114 samples for open water. Chlordanes
not shown. Flooding times 1.1 to 2.7 yr for marsh and 1.1 to 3.5 for open water
mesocosms.

(OCPfish µg/kg wet wt) / (lipidfish µg/kg wet wt)

BSAF =

(OCPsed µg/kg dry wt) / (TOCsed µg/kg dry wt)



Risk Evaluation – A Hazard Index

HQOCP= [tissue OCP] .
TRVOCP

HI=SHQ

Hazard Index (HI) > 1 =

Potential risk to wildlife

TRV=Toxicity Reference Value



Inversion

Remediation Techniques

Excavation

Vegetated



Soil Inversion Remediation

Total Soil Inversion Acreage:
3,965 acres

11

Pre-HI
Post -

HI
Phase 2: 2.43 1.89
Phase 3 - 2.18 1.13
Phase 4 - 1.29 0.89
Phase 5 - 2.60 1.52
Phase 6 - 2.01 1.15
Phase 7 - 2.80 1.60
Phase 8 - 3.31 2.53



Fish Collection
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Low Toxicity Risk: Duda
2979 acres – flooded 2002/2003

Collection Frequency
2002-2006: monthly
2007: twice per year
2008-2010: annually
2010-2015: every other year Remediation Method:

Shallow flooding promoting dense,
luxuriant vegetation

*HI &HQ generated from OCP-UCL95
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Moderate Risk: Phase 4
2036 acres - flooded 2013

981 of 2036 acres of soil inversion – 48%
2012 on collected from standing water in fields

Yellow blocks underwent inversion
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High Risk: Phase 2
1300 acres - flooded 2009

East: 330 of 570 acres of soil inversion
2008 – 57%

West: 380 of 740 acres tilled – 51%

Keeping luxuriant vegetation helps
protect wildlife with HI>1



Assessing Remediation
Success

• To date, 14,614 acres have been flooded

• 3000 acres can be actively managed for desirable
vegetation and increased diversity

• Fish tissue collected/analyzed for OCPs

• Hazard index = acute toxicity risk

• Hazard quotient (4’,4’-DDE) = chronic risk

• Projected risk > measured index values

• a conservative estimate of risk

• Annual risk evaluation provided tools to drive
remediation, gauge wildlife risk and move forward with
restoration goals



Questions?

For more information about Lake Apopka or
the St Johns River Water Management District, please visit:
http://www.sjrwmd.com/lakeapopka/
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