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June 9, 2010

Technical Memorandum
Revision 2
Evaluation of Potential for Toxic Contaminants to be Released to 
the Tidal Delaware River during Dredging of Berthing Areas 
in the Marcus Hook Region

Introduction

Greene (2010) used equilibrium partitioning to evaluate the likelihood that levels of PCBs and metals in the sediments of Reach C could cause toxicity to aquatic benthic life during dredging of that area.  Sediment chemical data for that assessment were from the Delaware Estuary Benthic Inventory (DEBI) of 2008, from over 200 locations in the estuary from the mouth of the Schuylkill River to the mouth of the Delaware Bay. DNREC’s assessment evaluated whether deepening of Reach C of the main navigation channel is likely to cause exceedances of applicable water quality criteria for the protection of aquatic life and human health for the PCBs and metals considered. Separate assessments were done for acute aquatic life criteria immediately behind a working dredge (the ‘near-field’ assessment), as well as for chronic aquatic life and human health criteria following complete mixing of the contaminant mass released during dredging (the ‘far-field’ assessment). Spreadsheet models were prepared by DNREC as part of their assessment which include the methods and assumptions of the model. Results of that assessment for near-field concentrations behind the dredge indicated that acute toxicity is unlikely due to PCBs or metals mobilized during deepening. Likewise, the assessment of far-field concentrations in Reach C due to deepening indicates levels of PCBs and metals were well below chronic aquatic life criteria and less than human health criteria, particularly for metals.

Among the follow-up actions recommended by DNREC is a review of data on bend widening areas, spur channels and berthing areas since they could contain higher contaminant concentrations.  These areas may be deepened at a later date to take advantage of the deeper main navigation channel.  Because Sun Marcus Hook and Conoco Phillips berthing areas are in relatively close proximity to Delaware waters (Figure 1), and because these berthing areas may contain higher contaminant levels than the main navigation channel itself, DNREC requested an evaluation of the potential water quality impacts associated with dredging those sediments.  This technical memorandum presents that evaluation for metals, PCBs and some organic pesticides.  Methods used in this evaluation mirror those in Greene (2010).  Data for the two berthing areas were obtained from 8 sediment samples reported in Black & Veatch (1996) and described in 

Tables 1a and b. Samples designated as BPO were collected from the Conoco Phillips facility (Figure 2) while those designated as SMH were collected from the Sun Oil facility (Figure 3). Median and maximum values of the metals (Table 2a) were used in the ‘Near-Field Metals Conc behind Dredge-BerthingAreas.xls’ spreadsheet model for evaluation of acute aquatic life criteria and in ‘Far-Field Metals Concentrations MCD-MarcusHook-Max.xls’ for evaluation of chronic aquatic life criteria and human health criteria. Maximum values of the organic contaminants for which data were available (Table 2b) were used in the ‘Near-Field Organics Conc behind Cutterhead Dredge-BerthingAreas.xls’ spreadsheet model for evaluation of acute aquatic life criteria, in ‘Far-Field Organics Concentrations MCD-MarcusHook-Max.xls’ for evaluation of organic pesticides with chronic aquatic life criteria, and in ‘Far-Field PCB Concentrations MCD-BerthingAreas.xls’ for evaluation of PCBs with chronic aquatic life criteria. Total volume of sediment within the berthing area was estimated as 134,399 cubic yards from the Sun Oil and Conoco Phillips sites in the Marcus Hook area (Black and Veatch, 1996). 
Note that some metals for which data was available in the berthing areas are not included in the near-field model (Barium, Beryllium, Thallium, and Vanadium). There were also 4 metals included in the near-field model for which data was not available from the berthing areas (Aluminum, Iron, Manganese, and Tin). For metals, all model parameters from the original DNREC Reach C near-field model were used unchanged except for sediment total metal concentration data.  Similarly, all model parameters from the original Reach C far-field model were used unchanged except for the sediment total metal concentration and total volume of sediment to be dredged.

Note that organic contaminants were considered in this analysis only if one or more samples contained a detectable concentration and for which water quality criteria have been established by the State of Delaware or the Delaware River Basin Commission. For the organic constituents, all model equations from the original DNREC Reach C near-field model were used unchanged, except that Kd values were calculated from total organic carbon (TOC) and Kow values. Values for sediment concentrations and TOC were those listed in Table 2b and Kow values were obtained from USEPA’s EPI Web 4.0 program. Similarly, model parameters from the original Reach C far-field models were used unchanged, except for: 1) total volume of sediment to be dredged; 2) sediment total constituent concentration; 3) log Kd; and 4) constituent removal efficiency.  Sources of these values are indicated in the spreadsheets.
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General locations of various berthing areas in the upper Delaware River.  BP (F) Oil is now Conoco Phillips


Figure 2.
Coring locations for the 1995 sediment sampling at BP Oil, now Conoco Phillips.


Figure 3.
Coring locations for the 1995 sediment sampling at Sun Oil – Marcus Hook.

	Table 1a.
Berthing Area Inorganic Concentrations (Black and Veatch 1995).  (Bolded values were not detected and the detection limits was used in the analysis)

	Parameter (ug/kg)
	BPO-1-95-C-0.0
	BPO-1-95-C-6.2
	BPO-2-95-C-0.0
	BPO-2-95-C-4.1
	SMH-1-95-C-0.0
	SMH-1-95-C-1.4
	SMH-2-95-C-0.0R1
	SMH-2-95-C-0.0R2

	Antimony
	1500
	570
	1600
	1300
	960
	520
	600
	360

	Arsenic
	14800
	540
	13700
	14600
	6400
	2800
	4500
	1400

	Barium
	130000
	98200
	159000
	153000
	104000
	79500
	43100
	5300

	Beryllium
	40
	20
	310
	40
	30
	20
	20
	20

	Cadmium
	1200
	50
	2000
	1500
	390
	90
	160
	30

	Chromium
	63700
	26200
	63000
	71000
	37800
	20500
	21600
	9100

	Copper
	48900
	11800
	65700
	58700
	24700
	16000
	14200
	8000

	Lead
	65500
	6800
	79800
	76300
	22800
	6000
	10400
	1600

	Mercury
	330
	120
	460
	360
	160
	120
	120
	110

	Nickel
	31000
	18900
	31500
	37200
	21800
	14800
	13400
	7700

	Selenium
	1200
	240
	2000
	1400
	300
	220
	210
	210

	Silver
	1100
	150
	2300
	1700
	300
	60
	60
	90

	Thallium
	2200
	790
	2500
	2700
	1300
	590
	800
	810

	Vanadium
	56500
	29200
	46700
	58300
	44800
	26000
	32800
	24600

	Zinc
	254000
	42100
	319000
	273000
	98600
	29200
	36700
	22200


	Table 1b.
Berthing Area Organic Constituent Concentrations for which one or more samples contained detectable quantities (Black and Veatch 1995) and for which water quality criteria have been established by Delaware or the DRBC.  ND=non-detect

	Parameter (ug/kg)
	BPO-1-95-C-0.0
	BPO-1-95-C-6.2
	BPO-2-95-C-0.0
	BPO-2-95-C-4.1
	SMH-1-95-C-0.0
	SMH-1-95-C-1.4
	SMH-2-95-C-0.0R1
	SMH-2-95-C-0.0R2

	Dieldrin
	ND
	ND
	ND
	43
	ND
	ND
	ND
	ND

	4,4-DDE
	49
	ND
	ND
	ND
	ND
	ND
	ND
	ND

	4,4-DDD
	ND
	ND
	ND
	ND
	22
	ND
	52
	ND

	4,4-DDT
	ND
	ND
	ND
	ND
	ND
	ND
	570
	ND

	PCB Aroclor 1254
	120
	ND
	100
	150
	ND
	ND
	ND
	ND


	Table 2a.
Berthing Area Inorganic Concentrations - Statistics

	Parameter (ug/g)
	Min
	Max
	Ave
	Median

	Antimony
	0.36
	1.60
	0.93
	1.14

	Arsenic
	0.54
	14.80
	7.34
	13.40

	Barium
	5.30
	159.00
	96.51
	124.70

	Beryllium
	0.02
	0.31
	0.06
	0.02

	Cadmium
	0.03
	2.00
	0.68
	1.17

	Chromium
	9.10
	71.00
	39.11
	54.60

	Copper
	8.00
	65.70
	31.00
	40.90

	Lead
	1.60
	79.80
	33.65
	63.90

	Mercury
	0.11
	0.46
	0.22
	0.22

	Nickel
	7.70
	37.20
	22.04
	23.30

	Selenium
	0.21
	2.00
	0.72
	0.99

	Silver
	0.06
	2.30
	0.72
	1.01

	Thallium
	0.59
	2.70
	1.46
	1.39

	Vanadium
	24.60
	58.30
	39.86
	31.90

	Zinc
	22.20
	319.00
	134.35
	231.80


	Table 2b. Berthing Area Organic Concentrations in Sediments and Associated Chemistry, for Constituents Evaluated

	Parameter 
	Maximum (ug/g)
	TOC, mg/Kg
	Kow

	Dieldrin
	43
	106273
	5.45

	4,4-DDE
	49
	71064
	6.00

	4,4-DDD
	52
	5000
	5.87

	4,4-DDT
	570
	5000
	6.79

	PCB Aroclor 1254
	150
	106273
	6.98


High resolution, congener specific PCB data were not available for the berthing areas (PBC as Aroclors were measured); however, DNREC’s assessment of the near-field impacts of dredging for the Deepening project showed that PCB concentrations (using high resolution methods) would be several orders of magnitude smaller that the freshwater and marine acute aquatic life criteria. DNREC’s far-field assessment indicated that over 97% of the PCB in Reach C sediments would be removed during deepening and that this could be interpreted as an environmental benefit since PCB would be taken out of the estuary and placed in a CDF where the risk of exposure to humans and other biota is far lower. PAHs and other contaminants were not explicitely assessed by DNREC for deepening within Reach C since these contaminants were not tested as part of the 2008 DEBI study.  However, Greene (2010) notes that previous testing for PAHs following major oil spills in the Delaware River do not indicate broad-scale, long-term impacts from these compounds. Results for Aroclors in the berthing areas are presented below. 
Results

In the near-field model for metals, median and maximum sediment total concentrations were used to estimate toxicity based on various water quality and human health criteria.  The model used equilibrium partitioning to estimate dissolved concentrations that would occur during the dredging process and compares these values to acute and chronic marine and freshwater criteria applicable to the Delaware Estuary. For metals with criteria only for total metal, these comparisons were also made.  Results indicate the no metals considered exceeded any of the criteria evaluated for median or maximum values from the berthing area.  The final model calculation is for toxic units based on predicted dissolved or total phase maximum concentrations at 250 ppm sediment concentrations and dissolved or total phase aquatic life criteria using the maximum of acute or chronic, freshwater or marine criteria. Values less than one indicate the metal concentration does not exceed criteria (Table 3).  The magnitude of values smaller than one indicate how much the metal concentration is below the most stringent criteria (e.g., the maximum Arsenic concentration would be 3.4% of the most stringent water quality criterion value).  These results are very conservative since TSS concentrations during the dredging process have been much less than the 250 ppm values used for these results, so dissolved metal concentrations are expected to be much less than predicted for the higher TSS value.  
	Table 3.
Summary of Worst-Case Predictions of Toxic Units (< 1 indicates no exceedance of worst-case toxic aquatic life criteria)

	Contaminant
	Maximum
	Median

	Aluminum
	0
	0

	Antimony
	NA
	NA

	Arsenic
	0.034
	0.031

	Cadmium
	0.120
	0.070

	Chromium
	0.325
	0.250

	Copper
	0.392
	0.244

	Iron
	0
	0

	Lead
	0.088
	0.070

	Manganese
	NA
	NA

	Mercury
	0.003
	0.001

	Nickel
	0.156
	0.098

	Selenium
	0.025
	0.012

	Silver
	0.007
	0.003

	Tin
	NA
	NA

	Zinc
	0.038
	0.028


In the near-field model for organic contaminants, maximum sediment total concentrations were used to estimate toxicity based on various water quality criteria.  The model used equilibrium partitioning to estimate dissolved concentrations that would occur during the dredging process and compares these values to State of Delaware and DRBC acute and chronic freshwater criteria applicable to the Delaware Estuary. Results indicate that none of the organics considered exceeded any of the criteria evaluated for maximum values from the berthing area.  The final model calculation is for toxic units based on predicted dissolved phase maximum concentrations at 250 ppm sediment concentrations using the maximum of acute freshwater criteria. Values less than one indicate the concentration does not exceed criteria (Table 4).  The magnitude of values smaller than one indicate how much the organic concentration is below the most stringent criteria (e.g., the maximum dieldrin concentration would be 0.53% of the most stringent acute water quality criterion value).  These results are very conservative since TSS concentrations during the dredging process have been much less than the 250 ppm values used for these results, so dissolved organic concentrations are expected to be much less than predicted for the higher TSS value.  

	Table 4.
Summary of Worst-Case Predictions of Toxic Units (< 1 indicates no exceedance of worst-case toxic aquatic life criteria)

	Contaminant
	DE Acute, Maximum
	DRBC Acute, Maximum

	Dieldrin
	0.0053
	0.0010

	4,4-DDE
	0.0006
	0.0012

	4,4-DDD
	0.0061
	0.0123

	4,4-DDT
	0.0149
	0.0298

	PCB Aroclor 1254
	(no criterion)
	0.0001


In the far-field model, maximum sediment total constituent concentrations from the berthing area were applied along with the total volume of potentially dredged sediment.  Results indicate a very small dissolved concentration would be released during the dredging process, well below any applicable water quality or human health criteria.  Results also indicate that the benefit of removing the dredged material to a CDF where it would be sequestered far exceeds the risk of release of a small amount to the water column of the estuary during the dredging process (Table 4a,b).  Results for these two berthing areas are consistent with the results for Reach C presented by Greene (2010).
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	Table 4a.
Far-field inorganic concentrations and risk/benefit of dredging from berthing areas

	Concentration in Sediments
	units
	Antimony
	Arsenic
	Cadmium
	Chromium
	Copper
	Lead
	Mercury
	Nickel
	Selenium
	Silver
	Zinc

	
	mg/kg dry sed
	1.6
	14.8
	2
	71
	65.7
	79.8
	0.46
	37.2
	2
	2.3
	319

	Dissolved metal concentration resulting from dredging project during 7Q10
	ug/L
	0.00031
	0.01432
	0.00028
	0.03999
	0.01453
	0.00183
	0.00003
	0.01582
	0.00211
	0.00022
	0.03671

	Upside Benefit (metal removed from the Estuary) 
	kg
	174
	1608
	217
	7719
	7129
	8668
	1
	4033
	207
	248
	34615

	Downside Risk (dissolved metal released to the Estuary)
	kg
	0.32
	14.98
	0.29
	41.85
	15.21
	1.91
	0.94
	16.56
	2.20
	0.23
	38.42

	Benefit:Risk Ratio
	
	543
	107
	750
	184
	469
	4539
	300
	244
	94
	1093
	901


	Table 4b.
Far-field organic concentrations and risk/benefit of dredging from berthing areas

	
	units
	Dieldrin
	DDE
	DDD
	DDT
	PCB Arochlor 1254

	Concentration in sediments
	mg/kg dry sed
	0.043
	0.049
	0.052
	0.57
	0.15

	Dissolved organic conc resulting from dredging project during 7Q10*
	ug/L
	1.105E-06
	4.883E-07
	5.048E-06
	1.224E-05
	5.150E-05

	Upside Benefit (organic removed from the Estuary) 
	kg
	4.7
	5.3
	5.6
	61.9
	16.3

	Downside Risk (organic metal released to the Estuary)
	kg
	0.019
	0.008
	0.085
	0.205
	0.002

	Benefit:Risk Ratio
	 
	252
	650
	67
	302
	8827

	* for PCB, dissolved PCB concentration resulting from dredging project based on net mean harmonic flow for Zone 5 of Delaware Estuary
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