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This technical memorandum summarizes the screening evaluation performed on sediment analytical 
data collected as part of the environmental baseline study for the Icebreaker Demonstration Wind 
Project proposed by Lake Erie Energy Development Corporation (LEEDCo). This evaluation was 
conducted to determine sediment quality within the project area, which is in Lake Erie near Cleveland, 
Ohio. 

 

Project Background 
The Icebreaker Demonstration Wind Project proposed by LEEDCo is the first offshore wind 
demonstration project within freshwater of the Great Lakes. The project location is 8 to 10 miles 
offshore from Cleveland, Ohio and will include six 3.45‐megawatt wind turbine generators spaced 
approximately 756 meters apart. 

 

A baseline environmental study was performed for this project and included collecting sediment 
samples within the project area to determine sediment quality. TDI Brooks International (TDI) conducted 
the field sampling from September 12 through October 10, 2016. The sampling report is included as 
Attachment 1. TDI collected three piston core composites and one box core composite for a total of four 
samples for analysis of grain size, total organic carbon, trace metals, polycyclic aromatic hydrocarbons 
(PAHs), polychlorinated biphenyls (PCBs), and organochlorine pesticides. 

 

Sediment Quality Evaluation Approach 
The sediment analytical results were evaluated to determine the existing sediment quality within the 
project area. The evaluation followed the Tier I screening outlined in Guidance on Evaluating Sediment 
Contaminant Results (Ohio Environmental Protection Agency 2010). The screening evaluation included 
comparisons to threshold effects concentrations (TECs) and probable effects concentrations (PECs) 
(MacDonald et al. 2000). Threshold effect levels such as TECs are conservative screening values that 
represent a level below which there would be a high confidence of no adverse effects, but above which 
unacceptable risk is uncertain. Constituent concentrations that exceeded TECs were then compared to 
PECs. The PECs represent a level above which there is a reasonable likelihood of adverse effects. 

 

Subsequently, samples also were evaluated on a sample‐by‐sample basis to look at combined effects of 
chemical mixtures. Ingersoll et al. (2001) evaluated the ability of consensus‐based sediment quality 
guidelines and compared approaches for evaluating the combined effects of chemical mixtures on 
the toxicity of field‐collected sediment. Ingersoll et al. (2001) showed that because field‐collected 
sediment contains chemical mixtures, the predictability of sediment assessments increases when 
sediment quality guidelines, such as PECs, are used in combination to classify toxicity. 
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Using this approach for each detected constituent, a probable effect concentration quotient (PEC-Q) 
was developed by dividing the concentration of each constituent by the PEC. A mean quotient was 
then calculated for each sample by summing the individual quotient for each constituent and 
dividing this sum by the number of PECs evaluated. Ingersoll et al. (2001) demonstrated that the 
incidence of toxicity increases with increasing mean PEC-Qs. For example, in the Hyallela azteca 
(amphipod) 28- to 40-day tests, the incidence of toxicity was 10 percent for samples with mean 
PEC-Qs less than 0.1; 31 percent for samples with mean PEC-Qs between 0.1 and 1; 96 percent for 
samples with mean PEC-Qs between 1 and 5; and 100 percent for samples with mean PEC-Qs 
greater than 5.  

Similar increase in incidence of toxicity was encountered in Chironomus dilutus (midge) 10- to 14-day 
toxicity tests, where the incidence in toxicity was 20 percent for samples with mean PEC-Qs less 
than 0.1; 21 percent for mean PEC-Qs between 0.1 and 1; 43 percent for samples with mean PEC-Qs 
between 1 and 5; and 68 percent for samples with mean PEC-Qs greater than 5 (Ingersoll et al. 2001). 
Based on these results, the incidence of toxicity can be classified as minimal for PEC-Qs less than 0.1, 
low to moderate for mean PEC-Qs between 0.1 and 1, moderate to high for mean PEC-Qs between 
1 and 5, and high for mean PEC-Qs greater than 5. 

Sediment Quality Evaluation Results 
TEC and PEC Screening Results 
Tables 1, 2, and 3 summarize the screening evaluation for metals, PAHs, PCBs, and organochlorine 
pesticides. For metals, the TEC was exceeded in one or more samples for all metals with nickel 
exceeding the respective screening value in all four samples. Nickel was the only metal detected above 
the respective PEC screening value (Table 1). 

PAHs were evaluated individually and based on a total PAH concentration (calculated using the 
high-priority 16 PAHs). The TEC for total PAHs was exceeded in three of the four composite samples; 
however, the PEC was not exceeded in any composite samples (Table 2).  

Total PCBs were detected in two of the four composite samples above the TEC but did not exceed the 
PEC for any sample (Table 3).  

Total dichlorodiphenyl trichloroethane (DDT) and sum dichlorodiphenyl dichloroethylene (DDE) (the 
summation of 2,4’-DDE and 4,4’-DDE) exceeded their respective TEC in one sample each; however, no 
constituent exceeded the respective PEC. 

Mean PEC-Quotient Evaluation 
Table 4 presents the mean PEC-Q results. The results indicate that no stations pose a moderate to high 
or high incidence of toxicity to aquatic organisms. Three stations had mean PEC-Qs between 0.1 and 1 
(indication low to moderate incidence of toxicity), and one station had mean PEC-Q less than 0.1, 
indicating minimal incidence of toxicity. Overall, the incidence of toxicity for sediments within the 
project area would be considered low.  

Summary 
The sediment quality evaluation was performed on four composite samples collected from the proposed 
LEEDCo project area within Lake Erie. Only nickel exceeded its respective PEC in one composite sample. 
Overall, there is low potential for toxicity in the project area, based on the low frequency of PEC 
exceedance and the mean PEC-Q evaluation results. As a result, aquatic receptors will not likely be 
impacted by disturbed sediment during the construction activities within the project area. 
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Table 1. Comparison of Sediment Metals Results to Freshwater Sediment Quality Guidelines
LEEDCo Sediment Evaluation, Icebreaker Demonstration Wind Project, Lake Erie near Cleveland, Ohio

Laboratory ID
Laboratory ID
Sample ID(s)

Sample Extraction Date

Metals (mg/kg DW)
Arsenic 13.1 13.9 14.6 8.21 9.79 33
Cadmium 0.17 0.24 0.51 1.94 0.99 4.98
Chromium 18.6 19 26.1 53.1 43.4 111
Copper 22.6 26.8 42.4 47.7 31.6 149
Lead 11.8 16 24 44.9 35.8 128
Mercury 0.0138 0.0173 0.0354 0.335 0.18 1.06
Nickel 30.3 30.2 34.1 51.4 22.7 48.6
Zinc 72.7 111 116 204 121 459
Notes:

Bolded values  > TEC
Bolded and shaded values > PEC

PEC = probable effects concentration
mg/kg DW = milligrams per kilogram, dry weight

10/12/16

XX‐3123 XX‐3124
Consensus 
Based TEC* 
(mg/kg DW)

XX‐3125XX‐3122

* MacDonald, D.D., C.G. Ingersoll, and T.A. Berger. 2000. Development and Evaluation of Consensus‐based Sediment Quality Guidelines for Freshwater Ecosystems. Arch. 
Environ. Contam. Toxicol.  39, 20‐31.

Consensus 
Based PEC* 
(mg/kg DW)

TEC = threshold effects concentration

LED0045 LED0046LED0043 LED0044

PC09, PC10 BC01, BC02, BC03PC01R,  PC02, PC03 PC04, PC05R1, PC06R2, PC07
10/12/16 10/12/1610/12/16
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Table 2. Comparison of Sediment PAH and PCB Results to Freshwater Sediment Quality Guidelines
LEEDCo Sediment Evaluation, Icebreaker Demonstration Wind Project, Lake Erie near Cleveland, Ohio

Laboratory ID
Sample ID(s)

Polycyclic aromatic hydrocarbons (µg/kg DW)
Sample Extraction Date

Acenaphthylene1 1.22 237 55.8 32.4 5.87 NSV
Acenapthene1 2.03 66.5 37.9 8.7 6.71 NSV
Anthracene 0.546 435 140 49.4 57.2 845
Benz[a]anthracene 1.65 1860 242 135 108 1,050
Benzo[a]pyrene 2.64 1807 187 154 150 1,450
Benzo[b]fluoranthene2 10.3 1264 254 214 27.2 NSV
Benzo[k]fluoranthene1 0.9 767 150 177 240 NSV
Benzo[ghi]perylene1 10.5 932 108 128 170 NSV
Chrysene 63.9 2243 333 208 166 1,290
Dibenz[a,h]anthracene 1.16 376 35.8 37.1 33 140
Fluoranthene 6.94 1838 514 279 423 2,230
Fluorene 13 71.3 61.5 26.5 77.4 536
Indeno[1,2,3‐cd]pyrene1 0.981 629 100 122 200 NSV
Naphthalene 4.47 84.9 66.8 50.2 176 561
Phenanthrene 82.4 500 359 122 204 1,170
Pyrene 8.51 2,198 411 228 195 1,520
Total PAHs3 211 15,309 3056 1971 1,610 22,800
Polychlorinated biphenyls (µg/kg DW)

Sample Extraction Date
Total PCBs 0.98 J 15.9 401.17 77.05 59.8 676
Notes:

Bolded values  > TEC
Bolded and shaded values > PEC
1 TEC Value selected from: U.S. EPA 2003. USEPA Region V Ecological Screeing Levels. August.

3 Total PAHs calculated uising the 16 PAHs
NSV = no screeing value
µg/kg DW = micrograms per kilogram, dry weight

11/7/16

11/9/16 11/9/16 11/9/16

2 TEC value selected from:  U.S. Environmental Protection Agency.  2006.  Region 3 BTAG Freshwater Sediment Screening Benchmarks.  
http://www.epa.gov/reg3hwmd/risk/eco/index.htm.  August.

Consensus Based 
TEC* (µg/kg DW)

Consensus Based 
PEC* (µg/kg DW)LED0037,D LED0038 LED0039 LED0046

PC01R,  PC02, PC03 PC04, PC05R1, PC06R2, PC07 PC09, PC10 BC01, BC02, BC03

11/9/16

11/7/16 11/7/16

* MacDonald, D.D., C.G. Ingersoll, and T.A. Berger. 2000. Development and Evaluation of Consensus‐based Sediment Quality Guidelines for Freshwater Ecosystems. Arch. Environ. Contam. 
Toxicol.  39, 20‐31.

11/7/16
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Table 3. Comparison of Sediment Organochlorine Pesticide Results to Freshwater Sediment Quality Guidelines
LEEDCo Sediment Evaluation, Icebreaker Demonstration Wind Project, Lake Erie near Cleveland, Ohio

Laboratory ID
Sample ID(s)

Sample Extraction Date
Organochlorine pesticides (µg/kg DW)
Alpha‐ Chlordane 1  0.02 J 0.32 <0.05 U 0.38 3.24 17.6
Dieldrin <0.05 U <0.05 U <0.05 U 0.18 1.90 61.8
Sum DDD 2 0.23 0.455 <0.05 U 0.635 4.88 28
Sum DDE 3 0.035 0.21 2.13 3.92 3.16 31.3
Sum DDT 4 0.12 0.05 0.05 0.12 4.16 62.9
Total DDTs5 0.385 0.715 2.23 4.67 5.28 572
Endrin <0.06 U <0.06 U <0.06 U <0.06 U 2.22 207
Heptachlor epoxide <0.06 U <0.06 U <0.06 U 0.11 2.47 16
Gamma‐HCH 6 0.20 <0.04 U <0.04 U 0.85 2.37 4.99
Notes:

Bolded values  > TEC
1 Compared to screening guideline for chlordane 
2 Sum of 2,4'‐DDD and 4,4'‐DDD compared to Sum DDD screening value
3 Sum of 2,4'‐DDE and 4,4'‐DDE compared to Sum DDE screening value
4 Sum of 2,4'‐DDT and 4,4'‐DDT compared to Sum DDT screening value
5 Sum of DDD, DDE, and DDT isomers compared to Total DDT screening value
6 Compared to screening guideline for gamma‐BHC (lindane)
µg/kg DW = micrograms per kilogram, dry weight

* MacDonald, D.D., C.G. Ingersoll, and T.A. Berger. 2000. Development and Evaluation of Consensus‐based Sediment Quality Guidelines for Freshwater Ecosystems. Arch. 
Environ. Contam. Toxicol.  39, 20‐31.

Consensus 
Based PEC* 
(µg/kg DW)

LED0037 Consensus 
Based TEC* 
(µg/kg DW)

LED0038 LED0039

11/9/16

LED0046

11/9/16 11/9/16 11/9/16
PC01R,  PC02, PC03 PC04, PC05R1, PC06R2, PC07 PC09, PC10 BC01, BC02, BC03
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Table 4. Mean PEC‐Q Evaluation
LEEDCo Sediment Evaluation, Icebreaker Demonstration Wind Project, Lake Erie near Cleveland, Ohio

Laboratory ID
Laboratory ID
Sample ID(s)

Metals (mg/kg DW)
Arsenic 13.1 0.397 13.9 0.42 14.6 0.442 8.21 0.249 33
Cadmium 0.17 0.034 0.24 0.05 0.51 0.102 1.94 0.390 4.98
Chromium 18.6 0.168 19 0.17 26.1 0.235 53.1 0.478 111
Copper 22.6 0.152 26.8 0.18 42.4 0.285 47.7 0.320 149
Lead 11.8 0.092 16 0.13 24 0.188 44.9 0.351 128
Mercury 0.0138 0.013 0.0173 0.02 0.0354 0.033 0.335 0.316 1.06
Nickel 30.3 0.623 30.2 0.62 34.1 0.702 51.4 1.058 48.6
Zinc 72.7 0.158 111 0.24 116 0.253 204 0.444 459
Polycyclic aromatic hydrocarbons (µg/kg DW)
Total PAHs 211 0.009 15,309 0.67 3,056 0.134 1,971 0.086 22,800
Polychlorinated biphenyls (µg/kg DW)
Total PCBs 0.98 J 0.001 15.9 0.02 401.17 0.593 77.05 0.114 676
Organochlorine pesticides (µg/kg DW)
Alpha‐ Chlordane  0.02 J 0.001 0.32 0.02 <0.05 U 0.003 0.38 0.022 17.6
Dieldrin <0.05 U 0.001 <0.05 U 0.00 <0.05 U 0.001 0.18 0.003 61.8
Sum DDD 0.23 0.008 0.455 0.02 <0.05 U 0.002 0.635 0.023 28
Sum DDE 0.035 0.001 0.21 0.01 2.13 0.068 3.92 0.125 31.3
Sum DDT  0.12 0.002 0.05 0.00 0.05 0.001 0.12 0.002 62.9
Total DDTs 0.385 0.001 0.715 0.00 2.23 0.004 4.67 0.008 572
Endrin <0.06 U 0.000 <0.06 U 0.00 <0.06 U 0.000 <0.06 U 0.000 207
Heptachlor epoxide <0.06 U 0.004 <0.06 U 0.00 <0.06 U 0.004 0.11 0.007 16
Gamma‐HCH  0.20 0.040 <0.04 U 0.01 <0.04 U 0.008 0.85 0.170 4.99

Mean PEC‐Q 0.09 0.14 0.16 0.22
Notes:

PEC‐Q = Probable effect concentration quotients
No Highlights = Mean PEC‐Q < 0.1 = minimal incidence of toxicity
Highlighted Yellow = Mean PEC‐Q between 0.1 and 1.0 = low to moderate toxicity
Mean PEC‐Q between 1.0 and 5.0 ‐ moderate to high incidence of toxicity (no samples identified in this category)
Mean PEC‐Q greater than 5 = high incidence of toxicity (no samples identified in this category)
µg/kg DW = micrograms per kilogram, dry weight
mg/kg DW = milligrams per kilogram, dry weight

PEC‐Q PEC‐Q PEC‐Q

* MacDonald, D.D., C.G. Ingersoll, and T.A. Berger. 2000. Development and Evaluation of Consensus‐based Sediment Quality Guidelines for Freshwater Ecosystems. Arch. Environ. Contam. Toxicol. 39, 20‐31.

PC01R,  PC02, PC03 PC04, PC05R1, PC06R2, PC07 PC09, PC10 BC01, BC02, BC03

LED0043 LED0044 LED0045 LED0046 Consensus 
Based PEC* 
(µg/kg DW)

XX‐3122 XX‐3123 XX‐3124 XX‐3125
PEC‐Q

For nondetected constituents, the detection limit was used.
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1 INTRODUCTION 
 

This document presents the results from the environmental baseline study (EBS) completed by TDI-Brooks 
International (TDI) for the Lake Erie Energy Development Corporation (LEEDCo). The field operations were 
performed from 12 September through 10 October 2016. The EBS program consisted of the following 
samples/acquisitions: 

 Three (3) piston core composites 
o PC01R, PC02, PC03 
o PC04, PC05R1, PC06R2, PC07 
o PC09, PC10 

 One (1) box core composite 

o BC01, BC02, BC03 
 
The EBS investigation was conducted from the Salvage Chief, mobilized and demobilized in Cleveland, Ohio. The 
field work was conducted in water depths ranging from 22 to 66 ft. TDI-Brooks mobilized and operated the sample 
collection equipment. 

 

 

1.1  PROJECT BACKGROUND 
 

The Icebreaker Demonstration Wind Project is proposed by Lake Erie Energy Development Company (LEEDCo) 
as  the  first  offshore  wind  demonstration  project  in  the  freshwater  Great  Lakes.  The  Icebreaker  project  is 
located approximately 13.1 to 17.8 km offshore from Cleveland. 

 
The project will include six, 3.45-MW wind turbine generators (WTGs) spaced about 756 meters apart and located 
along a north- northwest to south-southeast alignment. 

 
The planned six WTG positions are designated as ICE1 through ICE6 (numbered from southeast to northwest) and 
one alternate position (to the northwest of ICE6) is designated as ICE7. Each of the WTGs will be supported by a 
mono-pole substructure founded on a suction bucket foundation (mono-bucket). 

 
Energy generated from the WTGs will be transmitted through an export cable from the offshore project area to 
shore. The in-harbor portion of the export cable will be installed within a horizontally directional drilled (HDD) casing 
Water depths at test locations increase from southeast to northwest and vary from about 17.4 to 18.8 meters relative 
to IGLD85 low water datum (LWD). The surveyed area surrounding the seven investigated turbine locations is about 
0.3 km wide by 6.5 km long. 

 

1.2  SCOPE OF WORK 
 

LEEDCo required environmental data collection, processing and reporting together with geotechnical exploration 
and interpretation (Figure 1-1, Figure 1-2 and Figure 1-3). 
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Figure 1-1. Project location. 
 
The scope of work was intended to provide suitable lake-bottom and subsurface definition to finalize cable route 
alignments, design and plan for the cable route installation. In addition, the activities in the Cleveland Harbor and 
immediately to the north of the Cleveland Breakwater will be used for the evaluation, design and construction of the 
Horizontally Directionally Drilled (HDD) shore crossing. 
 
This document provides the information on the collection of the data, the tools used, the procedures completed and 
the data results for the EBS investigation at this site. 
 

A B 

Figure 1-2.  Inner array (A) and Export cable route (B). 
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Figure 1-3.  Inshore and In-Harbor. 

1.3 SURVEY GEAR 
The survey gear mobilized by TDI-Brooks for this EBS field campaign, together with the tool barrel lengths and 
sampling depths for the set of seabed sampling tools used for this project are presented in Table 1-2.  
 

Table 1-1.  Seabed Tool Sampling Dimensions. 
 

TDI-Brooks Seabed Tool Name 
 

Tool Acronym 
Tool Length 

(ft) 
Typical Depth 

Reached BML (ft) 
Coring Tools 

Extended Box Core (1.6x1.6x3.3-ft) XBC Box: 3.3 3.0 
Piston Core (3-in. dia.) PC 20 18 

 

These systems were mobilized with sufficient redundancy of components for replacement of damaged parts and/or 
for complete replacement of a tool. A minimum 50% redundancy of core barrel sections was onboard. Consumables 
sufficient for at least 120% of the samples proposed to be collected were also mobilized. Further details on the 
Survey Gear can be found in TDI’s “LEEDCo- Geotechnical Survey- Lake Erie- Technical Report 16-3585”. 
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1.4 FIELD PROGRAM 
An overview of the seabed sampling locations for this program is presented in Figure 1-4 and sediment 
characteristics at the sites in Figure 1-5 

1.5 PROJECT DATUMS AND WTG LOCATIONS 
The project datums are: 

 Horizontal – WGS84, UTM Zone 17N, meters 
 Vertical – International Great Lakes Datum (IGLD) 1985, LWD meters 

 
Figure 1-4.  Sampling locations for the field effort. 
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Figure 1-5.  Sediment types at the sampling locations. 
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2 FIELD RESULTS 
2.1 CORE LOCATIONS 

Figure 2-1 displays the composite core collection locations.  Table 2-1 presents a listing of the collection information 
for each of the accepted composite core samples.  The information is presented by the sample (core) ID. The table 
presents the client-specified information on the left (grey), and the as-built information on the right.  
 
 

PC10

PC09

PC07

PC04

PC02

BC03

BC02

BC01

PC05 R

PC03 R

PC01 R

PC06 R2

0 2 4 61 Kilometers

Composite Samples
Laboratory ID

LED0046.D / core
LED0037.D / sediment
LED0038D.D / sediment
LED0039D.D / sediment

Lake Erie

Study Area
OHIO PENNSYLVANIA

MICHIGAN

NEW
YORK

Icebreaker Demonstration Wind Project
Cable Route Survey - Composite Samples  
Figure 2-1.  Composite core collection locations. 
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Table 2-1.  Collection Information for the Accepted Composite Core Samples. 

      Acquired Sample Locations   Target Locations     

Target ID Sample ID Sample Type E N E N Dist to Trgt (m) 

PC1 PC1b PC 434942.25 4604828.09 435031.01 4604784.41 98.9 

PC2 PC2a  PC 436784.38 4603817.37 436777.67 4603802.64 16.2 

PC3 PC3b PC 438525.79 4602826.18 438523.81 4602824.58 2.5 

PC4 PC4a      PC 440384.70 4601779.86 440387.00 4601780.31 2.3 

PC5 PC5b PC 442016.42 4600867.05 442018.41 4600866.46 2.1 

PC6 PC6c PC 443758.40 4599884.95 443756.89 4599888.81 4.1 

PC7 PC7a PC 444163.35 4599654.41 444167.04 4599653.44 3.8 

PC9 PC9a PC 444208.73 4598686.27 444210.73 4598684.88 2.4 

PC10_2 PC10b PC 444378.84 4599024.11 444382.80 4599023.05 4.1 

BC1 BC1a BC 433284.82 4605758.01 433287.22 4605755.68 3.3 

BC2 BC2a BC 432386.65 4606973.32 432386.11 4606970.91 2.5 

BC3 BC3a BC 431486.43 4608180.67 431485.31 4608186.54 6.0 

All coordinates are in WGS84 UTM Zone 17 N 
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3 LABORATORY METHODS 
3.1 SEDIMENT  

3.1.1 Extraction 

An automated extraction apparatus (Dionex ASE200 Accelerated Solvent Extractor) was used to extract 
various organics (PAH/TPH) from 1 to 15 g of a pre-dried, homogenous sample.  All appropriate 
surrogates and spiking solutions were added.  The extractions were performed using 100% 
dichloromethane inside stainless-steel extraction cells held at elevated temperature and solvent pressure.  
The extracted compounds dissolved in the hot solvent were collected in 60-mL glass vials.  
 
The following ASE extraction conditions were used to extract the sediments: 
 

Extraction solvent: 100% dichloromethane 
Solvent pressure: 1,500 psi  
Cell temperature: 100C 
Cell pre-heat time: 5 min (non-adjustable pre-set for 100C) 
Static pressure time: 2 min 
Static cycles: 2 ea 
Solvent flush: 60% of cell volume each cycle 
Nitrogen purge time: 90 sec at end to dry cell 
Method rinse: ON (between samples) 
Total extraction time: approximately11 min/cell 

 
The solvent in the glass vials was concentrated in a 55 - 60C water bath until the solvent was reduced in 
volume to approximately 5-10 mL.  The extract was transferred into a Kurderna-Danish (KD) concentrator 
tube.  The sample volume was reduced to 0.5 mL in a 55 - 60C water bath.  The extract was then 
submitted for instrument analysis. 

3.1.2 PAH  

The quantitative method for the determination of polycyclic aromatic hydrocarbons (PAHs) and their 
alkylated homologues in extracts of sediment was performed by capillary gas chromatography/mass 
spectrometry (GC/MS) in selected ion monitoring mode (SIM).  The gas chromatograph was temperature-
programmed and operated in splitless mode.  The capillary column was an Agilent Technologies HP-5MS 
(60 m long by 0.25 mm ID and 0.25 m film thickness).  Carrier flow was by electronic pressure control.  
The mass spectrometer scanned from 35 to 500 AMU every second or less and utilized 70 volts electron 
energy in electron impact ionization mode.  The data acquisition system acquired and stored all data 
during analysis. 

 
Calibration solutions were prepared at six concentrations ranging from 0.02 to 6 g/mL by diluting a 
commercially available solution containing the analytes of interest.  For each analyte of interest, a relative 
response factor (RRF) was determined for each calibration level.  The 6 response factors were then 
averaged to produce a mean relative response factor for each analyte. 
 
An analytical set contained standards, samples, and quality control samples.  Each extraction batch was 
analyzed as an analytical set including samples and some or all of the following quality control samples: 
method-blank, duplicate, matrix-spike, matrix-spike duplicate, and standard reference material. 
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3.1.3 Aliphatic Hydrocarbon  

The quantitative method for the determination of aliphatic hydrocarbons in extracts of sediment was 
performed by high resolution, capillary gas chromatography with flame ionization detection (GC/FID). 
Normal alkanes with 8 to 40 carbons (C8 to C40), and the isoprenoid series from i-C13 to i-C20 were 
determined with this procedure.  The gas chromatograph was temperature-programmed and operated in 
split mode.  The capillary column was a Restek Scientific RTX-1 (30 m long by 0.25 mm ID and 0.25 m 
film thickness).  Carrier flow was regulated by electronic pressure control.  The autosampler was capable 
of making 1 to 5 ml injections.  Dual columns and FIDs were used.  The data acquisition system was by 
HP Chemstation software, capable of acquiring and processing GC data. 
 
A calibration curve was established by analyzing each of 6 calibration standards (1.25, 10, 25, 40, 50 and 
100 g/ml), and fitting the data to a straight line using the least square technique.  For each analyte of 
interest, a response factor (RF) was determined for each calibration level.  All 6 response factors were 
then averaged to produce a mean relative response factor for each analyte.  If an individual aliphatic 
hydrocarbon was not in the calibration solutions, a RF was estimated from the average RF of the 
hydrocarbon eluting immediately before the compound.  
 
An analytical set consists of standards, samples, and quality control samples.  Each extraction batch was 
analyzed as an analytical set including samples and some or all of the following quality control samples: 
method blank, duplicate, matrix spike, matrix spike duplicate and standard reference material. 

3.1.4 Chlorinated Hydrocarbons  
The quantitative method described in this document is for the determination of chlorinated hydrocarbons 
(PCBs and chlorinated pesticides) in extracts. Quantitation is performed by gas chromatography/electron 
capture detector (GC/ECD).  The gas chromatograph is temperature-programmed and operated in 
splitless mode.  The capillary column is a J&W DB-5 (30 m long by 0.25 mm ID and 0.25 m film 
thickness).  Carrier flow is by electronic pressure control.  The autosampler is capable of making 1 to 5 l 
injections.  Dual columns and ECDs are used.  The data acquisition system is by HP Chemstation 
software, capable of acquiring and processing GC data. 
 
Calibration solutions are prepared at six concentrations ranging from 5 to 500 pg/l by diluting a 
commercially available solution containing the analytes of interest.  An Aroclor mixture consisting of 
Aroclor 1242, 1248, 1254 and 1260 is used as a retention time index solution for individual PCBs not 
found in the calibration solution.  The individual PCB retention times are determined based on pattern 
recognition.  A calibration curve is established by analyzing each of 6 calibration standards (5, 20, 40, 80, 
200, and  500 pg/l), and fitting the data to a quadratic equation. 
 
An analytical set consists of standards, samples, and quality control samples.  Each extraction batch is 
analyzed as an analytical set including samples and some or all of the following quality control samples: 
procedural blank, duplicate, matrix spike, matrix spike duplicate or blank spike, blank spike duplicate, and 
standard reference material. 

3.1.5 Total Organic Carbon  
Total organic carbon was determined in oven-dried, acid treated sediments using a LECO CR-412 
Carbon Determinator. Samples were acid treated by adding 50% v/v of phosphoric acid to remove any 
inorganic carbon.  Dried sediment was combusted at 1,350C under an oxygen atmosphere and carbon 
present in the samples is oxidized to form CO2 gas.  This sample gas then flowed through two scrubber 
tubes.  The first tube contained Anhydrone (Mg(ClO4)2), AR610 (halogen trap), and tin or copper granules 
to remove water and any chlorine gas, respectively.  The second tube contained Anhydrone, which 
removes residual moisture.  The sample gas then flowed through a nondispersive infrared (NDIR) 
detection cell.   
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In the NDIR detector cell, infrared energy is emitted from a nichrome wire heated to 850°C.  Radiant 
energy enters the cell through a calcium fluoride window and projects through the cell chamber, which 
contains carrier or sample gas.  Gases absorb infrared energy as they pass through the cell chamber.  As 
energy exits the cell chamber through a second calcium fluoride window, a precise wavelength filter 
selectively blocks all wavelengths except that of CO2 from passing into the detector.  The detector 
responds to the energy changes between the carrier gas and sample gas and ultimately determines the 
concentration of the carbon contained in the sample. 
 
Prior to analysis, the instrument establishes a baseline.  As analysis proceeds, the integrated area under 
the signal detected is proportional to the amount of CO2 passing through the NDIR cell.  The computer 
reads the cell output nine times per second and provides a linearized output.  The weight-corrected result 
is the total weight percent of carbon. 

3.1.6 Grain Size  

The large or coarse fraction was determined by sieving and the fine fraction was analyzed by hydrometer 
analysis, both according to ASTM D422. The coarse fraction is defined as sediment retained on the #200 
sieve; the fine fraction is sediment passing the #200 sieve. Samples were prepared according to ASTM 
D421. Samples were dried in a 40°C oven in order to obtain the dry weight. Approximately 50 g of dry 
sample was obtained and grains were moderately disaggregated using a mortar and pestle. The sample 
was then soaked in 125 mL of 40 g/L sodium hexametaphosphate solution (dispersing agent) for more 
than 16 hours in a 1 L graduated cylinder, agitating occasionally, to complete the disaggregation process. 
Distilled water was then added to the solution until the total volume of the mixture (water, solution, and 
sample) was 1 L. The entire sample (coarse and fine fractions) was agitated in the graduated cylinder for 
1 minute. Upon completion of the agitation, hydrometer readings were taken over a period of 24 hours. 
 
Following hydrometer analysis, the samples were wet sieved. The solution was poured through a sieve 
set complying with ASTM D422, with the #200 sieve at the bottom of the stack. The sample was rinsed 
through the sieve to ensure all clay and silt particles were not retained by means of cohesion with larger 
grains. The sieves were placed in a 40°C oven, and the dry mass of sediment retained on each sieve in 
the set was obtained. 

3.1.7 Trace Metal  
Sediment samples were received and kept refrigerated until further processing.  Sediment samples were 
homogenized and a representative, sub-aliquot was taken for leaching (digestion) processing.  Each 
aliquot was freeze-dried and the percent moisture determined.  Each aliquot was then manually ground to 
a homogeneous fine powder using a mortar and pestle.  The finely ground sediment samples were then 
ready for further processing. 
 
Approximately 0.2 g. of sample was placed in a clean ~ 70 mL polypropylene snap capped (perforated) 
container to which ~ 0.6 ml of concentrated, ultrapure HNO3 and ~ 1.4 ml ultrapure HCl were added.  
Each container was closed and subjected to a heated, strong acid leach by placing in a block digester.  
The temperature of the hot plate was adjusted to 95 deg. C.  The samples were allowed to reflux for 7-8 
hours.   The samples were cooled.  Each digested sample was then transferred quantitatively to a 50 ml 
polypropylene tube using multiple deionized water rinses to achieve a final volume of ~ 20 ml (i.e. 
approximate dilution factor of 100.  The leachate (digestate) was diluted another 10 fold (i.,e. approximate 
final, analytical dilution factor of 1,000) with deionized water to achieve an acid strength compatible with 
ICP-MS analysis. Iron was determined using an analytical dilution of ~ 400,000. 
 
Metals concentrations were determined in the sediment leachate according to EPA** method 200.8 (ICP-
MS).  Reporting units are micrograms per gram (parts per million, ppm) on a dry weight basis.  All metals 
were determined by standard mode ICP-MS except that chromium (Cr), iron (Fe), and vanadium (V) were 
determined by method 200.8 modified for dynamic reaction cell (DRC)-ICP-MS using ammonia as the cell 
gas.  Arsenic (As) was determined by DRC-ICP-MS using oxygen as the cell gas.  DRC-ICP-MS are 
interference control technologies that minimize the overestimation of trace metals levels associated with 
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isobaric interferences that can occur with standard mode ICP-MS.  Isobaric interferences are a significant 
concern especially for marine sediment samples with elevated levels of calcium, sodium and chloride.   
 
The heated, strong acid leach digestion used for this study is not a total digestion (i.e. using hydrofluoric 
acid) quantifying all of a given element present in the sediment matrix.  The percentage of metal leached 
into solution for analysis varies by element.  For example, for the more refractory metals (e.g. Cr, V) only 
a relatively small percentage is leached into solution for analysis.  For many other elements (including 
many pollutant metals) that are largely adsorbed onto the sediment particles, a much higher percentage 
is leached into solution for analysis.  A marine sediment reference material was used to estimate the 
percentage of each element leached into solution for analysis.  The percentage released is compared to 
an historical percentage that is typically observed for such a heated strong acid leach.   
 
The same freeze-dried, finely powdered sediment samples were used for separate mercury (Hg) analysis.  
Mercury was determined according to EPA method 7473.  EPA method 7473 is a direct analysis method 
involving thermal decomposition, amalgamation (on a gold trap) followed by and atomic absorption 
spectrophotometry.  Approximately 0.05-0.06 g of dry sediment is placed in a ceramic boat and carried 
through a high temperature heating process that volatilizes all Hg in the sample.  Reporting units are 
micrograms per gram (parts per million, ppm) on a dry weight basis.  A marine sediment reference 
material is carried through the same analytical process as a check on volatilization efficiency and data 
accuracy.  EPA method 7473 is considered a total Hg method that produces data representing the total 
Hg present in each sample.    
 
** All references in this report to EPA and EPA methods are referring to the USA government agency. 
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4 RESULTS 
4.1 SEDIMENT HYDROCARBONS 

Oil is a complex mixture of > 75% petroleum hydrocarbons and other organic compounds (Laflamme & 
Hites, 1978).  Petroleum hydrocarbons can be broadly classified according to their structure as saturates, 
olefins, aromatics, asphaltenes, polar compounds and resins. Two classes of organic chemicals, 
saturated hydrocarbons (SHC) and polycyclic aromatic hydrocarbons (PAH) were analyzed in this study 
since they are important indicators of the age and source of hydrocarbons.  Saturated hydrocarbons 
(SHC) consist of normal alkanes and selected isoprenoids, ranging from nC9 to nC40.  Total SHC, 
representing the sum of the resolved and unresolved compounds, is reported for a wide range of 
compounds, i.e., nC9 to nC44.  Polycyclic aromatic hydrocarbons included 20 parent (un-alkylated) 
compounds and 23 alkylated compounds, consisting of two- to six-ring PAH compounds.  The full 
laboratory results of the sediment PAH are shown in Appendix A.  The full laboratory results of the 
sediment aliphatic hydrocarbons are presented in Appendix B.  

4.2 SEDIMENT CHLORINATED HYDROCARBONS 
An extensive congener specific list of PCBs and Chlorinated Pesticides from Chlordanes, DDTs, and 
isomers of Hexachlorohexanes were measured in the samples. Method Detection Limits using high 
resolution gas chromatography / electron capture detection (GC/ECD) are very low (< 0.2 ng/dry g for 
sediment). The full laboratory results of the sediment chlorinated hydrocarbons are presented in 
Appendix C.  

4.3 SEDIMENT TOTAL ORGANIC CARBON 
Total organic carbon measurements provide an indication of the amount of organic matter present in 
bottom sediments.  The full laboratory results of the sediment TOC are shown in Appendix D. 

4.4 GRAIN SIZE 
Sediment particle size is important because it controls sedimentary community dynamics and it correlates 
well with biologically meaningful variables such as porosity, compaction, water content and retention of 
organic matter.     
 
Sediment particle size is equally important in controlling the chemical composition due to the increase in 
adsorption with high surface area, fine-grained particles.  Many contaminants are strongly bound to 
organic particles that are in turn readily adsorbed onto fine-grained sediment.  
 
Sediment particle size is reported in four major classes: gravel, sand, silt and clay. This classification is 
based on the percent composition for each class.  Gravel is >2 to 64 mm diameter, sand from >0.0625 to 
2 mm, silt is >0.0039 to 0.0625 m and clay is less than 0.0039 mm diameter.  Percent fines are the sum 
of silt and clay and represent the portion of particles with diameters less than 0.063 mm.  The full 
laboratory results of the grain size analysis are presented in Appendix E.  

4.5 SEDIMENT TRACE METALS 
The complete sample results including all QA/QC results are presented in Appendix F.   
 
Note: The appendices contain the results of the analyses followed by the QA/QC sample results.  

 Total PAHs of the four (4) samples are shown on Page 14. 
 Total Petroleum Hydrocarbons of the four (4) samples are shown on Page 26. 
 Chlorinated Pesticides (as Totals of HCc, Chlordane, DDT and PCG) are shown on Page 31 
 Total Carbon (TC), Total Organic Carbon (TOC) and Total Inorganic Carbon (TIC) are shown on 

Page 49 
 Grain Size on Pages 52 to 55 
 Trace Metals for individual elements are shown on as Pages 58 and 59 
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5 APPENDICES 
5.1 APPENDIX A – POLYCYCLIC AROMATIC HYDROCARBON  - PAH 
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5.2 Appendix B - Aliphatic Hydrocarbons  
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5.3 APPENDIX C - CHLORINATED HYDROCARBONS 
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5.4 APPENDIX D - TOTAL ORGANIC CARBON 
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5.5 APPENDIX E – GRAIN SIZE 

Job Number

Client

Job Description

Core ID

Top Depth

Bottom Depth

D (mm) Sieve # % Finer

63 2.5" 100.00

19 3/4" 100.00

9.5 3/8" 100.00

4.75 4 99.12

2.36 8 95.31

2 10 94.06

1.18 16 90.19

0.85 20 88.49

0.425 40 76.36

0.3 50 68.38 % Gravel> 2 mm 5.94

0.25 60 65.01 % Sand 0.075 - 2 mm 37.54

0.18 80 61.60 % Silt 0.002 - 0.075 mm 31.60

0.15 100 60.12 % Clay < 0.002 mm 24.91
0.075 200 56.51

0.0443 55.52

0.0315 53.54

0.0201 51.55

0.0118 47.59

0.0084 43.62

0.0061 37.67

0.0031 29.74

0.0013 21.81

% Passing #10 94.06

% Passing #200 56.51

% Pass 2µ 24.91

0

GRAIN SIZE DATA RESULTS

Maximum Particle Size

9.5 mm

Dispersing Agent

(NaPO3)6 @ 40 g/L

J16222

LEED Co.

Environmental Composite Core

LED0040; PC01R, PC02, PC03

0

Dispersing Device

Apparatus A, ASTM D-422

Soak Time in Dispersing Agent

16 hrs

G
ra

in
 S

iz
e 

D
at

a

Dispersing Period

1 min

 
 
 
 



Page 53 

 

Job Number

Client

Job Description

Core ID

Top Depth

Bottom Depth

D (mm) Sieve # % Finer

63 2.5" 100.00

19 3/4" 100.00

9.5 3/8" 100.00

4.75 4 98.80

2.36 8 90.64

2 10 88.99

1.18 16 86.07

0.85 20 84.92

0.425 40 81.56

0.3 50 79.09 % Gravel> 2 mm 11.01

0.25 60 77.63 % Sand 0.075 - 2 mm 17.54

0.18 80 75.04 % Silt 0.002 - 0.075 mm 45.72

0.15 100 73.76 % Clay < 0.002 mm 25.73
0.075 200 71.45

0.0416 72.39

0.0296 70.41

0.0190 66.44

0.0114 56.52

0.0083 47.60

0.0060 40.66

0.0030 31.73

0.0013 21.82

% Passing #10 88.99

% Passing #200 71.45

% Pass 2µ 25.73

Dispersing Device

Apparatus A, ASTM D-422

Soak Time in Dispersing Agent

16 hrs

G
ra

in
 S

iz
e 

D
at

a

Dispersing Period

1 min

0

GRAIN SIZE DATA RESULTS

Maximum Particle Size

9.5 mm

Dispersing Agent

(NaPO3)6 @ 40 g/L

J16222

LEED Co.

Environmental Composite Core

LED0041; PC04, PC05R1, PC06R2, PC07

0
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Job Number

Client

Job Description

Core ID

Top Depth

Bottom Depth

D (mm) Sieve # % Finer

63 2.5" 100.00

19 3/4" 100.00

9.5 3/8" 100.00

4.75 4 100.00

2.36 8 100.00

2 10 100.00

1.18 16 100.00

0.85 20 100.00

0.425 40 97.83

0.3 50 97.21 % Gravel> 2 mm 0.00

0.25 60 96.85 % Sand 0.075 - 2 mm 5.92

0.18 80 96.15 % Silt 0.002 - 0.075 mm 79.84

0.15 100 95.73 % Clay < 0.002 mm 14.24
0.075 200 94.08

0.0383 89.19

0.0276 85.23

0.0186 71.35

0.0118 47.57

0.0087 33.69

0.0063 25.77

0.0032 16.85

0.0014 12.88

% Passing #10 100.00

% Passing #200 94.08

% Pass 2µ 14.24

Dispersing Device

Apparatus A, ASTM D-422

Soak Time in Dispersing Agent

16 hrs

G
ra

in
 S

iz
e 

D
at

a

Dispersing Period

1 min

0

GRAIN SIZE DATA RESULTS

Maximum Particle Size

0.85 mm

Dispersing Agent

(NaPO3)6 @ 40 g/L

J16222

LEED Co.

Environmental Composite Core

LED0042; PC09, PC10

0
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Job Number

Client

Job Description

Core ID

Top Depth

Bottom Depth

D (mm) Sieve # % Finer

63 2.5" 100.00

19 3/4" 100.00

9.5 3/8" 100.00

4.75 4 100.00

2.36 8 100.00

2 10 100.00

1.18 16 100.00

0.85 20 100.00

0.425 40 99.62

0.3 50 98.98 % Gravel> 2 mm 0.00

0.25 60 98.64 % Sand 0.075 - 2 mm 1.99

0.18 80 98.35 % Silt 0.002 - 0.075 mm 60.76

0.15 100 98.23 % Clay < 0.002 mm 37.25
0.075 200 98.01

0.0375 93.10

0.0268 91.12

0.0175 85.18

0.0105 75.27

0.0077 67.35

0.0057 57.45

0.0029 45.56

0.0013 30.70

% Passing #10 100.00

% Passing #200 98.01

% Pass 2µ 37.25

Dispersing Device

Apparatus A, ASTM D-422

Soak Time in Dispersing Agent

16 hrs

G
ra

in
 S

iz
e 

D
at

a

Dispersing Period

1 min

0

GRAIN SIZE DATA RESULTS

Maximum Particle Size

0.85 mm

Dispersing Agent

(NaPO3)6 @ 40 g/L

J16222

LEED Co.

Environmental Composite Core

LED0046; BC01, BC02, BC03

0
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5.6 APPENDIX F – TRACE METALS 
 
 
 
 
 
 
 
 
 
 
 
 



 TDI-BI/ B Laboratories LEED County Lake Erie Study (Job No. J16222 SDG NA)
Final Sediment Total Recoverable Trace Metals & Total Mercury Data for Samples Received 21 Sept. & 12 October 2016 

 (Report X1218-9457-001) 
Processing

Sponsor ID AE Sample ID Collection Date Location Sample Type Matrix (Note 3) Method Anal. Date

Field Samples (Notes 1,2)

Uncensored (raw) sediment 

trace metals data

LED0043 XX-3122 Not Applicable PC01R, PC02, PC03 Composite Sed. Grabs FW Sediment Total Rec. Note 4 Note 5

LED0044 XX-3123 Not Applicable PC04, PC05R1, PC06R2, PC07 Composite Sed. Grabs FW Sediment Total Rec. Note 4 Note 5

LED0045 XX-3124 Not Applicable PC09, PC10 Composite Sed. Grabs FW Sediment Total Rec. Note 4 Note 5

LED0046 XX-3125 Not Applicable BC01, BC02, BC03 Composite Sed. Core FW Sediment Total Rec. Note 4 Note 5

Sediment trace metals data 

censored to the reporting limit

LED0043 XX-3122 Not Applicable PC01R, PC02, PC03 Composite Sed. Grabs FW Sediment Total Rec. Note 4 Note 5

LED0044 XX-3123 Not Applicable PC04, PC05R1, PC06R2, PC07 Composite Sed. Grabs FW Sediment Total Rec. Note 4 Note 5

LED0045 XX-3124 Not Applicable PC09, PC10 Composite Sed. Grabs FW Sediment Total Rec. Note 4 Note 5

LED0046 XX-3125 Not Applicable BC01, BC02, BC03 Composite Sed. Core FW Sediment Total Rec. Note 4 Note 5

Albion Environmental, 4505 Boyett Street
Bryan, TX 77801  (979)-268-2677

APPROVED:      

Dr. P.N. Boothe, Laboratory Manager
 12/18/2016
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 TDI-BI/ B Laboratories LEED County Lake Erie Study (Job No. J16222 SDG NA)
Final Sediment Total Recoverable Trace Metals & Total Mercury Data for Samples Received 21 Sept. & 12 October 2016 

 (Report X1218-9457-001) 

Sponsor ID AE Sample ID

Field Samples (Notes 1,2)

Uncensored (raw) sediment 

trace metals data

LED0043 XX-3122

LED0044 XX-3123

LED0045 XX-3124

LED0046 XX-3125

Sediment trace metals data 

censored to the reporting limit

LED0043 XX-3122

LED0044 XX-3123

LED0045 XX-3124

LED0046 XX-3125

Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt.

Ag (ppm) Al (ppm) As (ppm) B (ppm) Ba (ppm) Be (ppm) Cd (ppm) Co (ppm) Cr (ppm) Cu (ppm) Fe (ppm) Mn (ppm) Mo (ppm)

0.08 11650 13.1 10.8 116 0.72 0.17 11.9 18.6 22.6 26100 567 4.12

0.10 11800 13.9 11.1 125 0.73 0.24 12.6 19.0 26.8 29000 423 4.12

0.15 11500 14.6 10.8 75.4 0.60 0.51 12.6 26.1 42.4 33000 456 4.12

0.38 20400 8.21 12.5 129 1.18 1.94 13.9 53.1 47.7 34000 567 1.78

< 0.1 11650 13.1 10.8 116 0.72 0.17 11.9 18.6 22.6 26100 567 4.12

< 0.1 11800 13.9 11.1 125 0.73 0.24 12.6 19.0 26.8 29000 423 4.12

0.15 11500 14.6 10.8 75.4 0.60 0.51 12.6 26.1 42.4 33000 456 4.12

0.38 20400 8.21 12.5 129 1.18 1.94 13.9 53.1 47.7 34000 567 1.78

Albion Environmental, 4505 Boyett Street
Bryan, TX 77801  (979)-268-2677

APPROVED:      

Dr. P.N. Boothe, Laboratory Manager
 12/18/2016
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 TDI-BI/ B Laboratories LEED County Lake Erie Study (Job No. J16222 SDG NA)
Final Sediment Total Recoverable Trace Metals & Total Mercury Data for Samples Received 21 Sept. & 12 October 2016 

 (Report X1218-9457-001) 

Sponsor ID AE Sample ID

Field Samples (Notes 1,2)

Uncensored (raw) sediment 

trace metals data

LED0043 XX-3122

LED0044 XX-3123

LED0045 XX-3124

LED0046 XX-3125

Sediment trace metals data 

censored to the reporting limit

LED0043 XX-3122

LED0044 XX-3123

LED0045 XX-3124

LED0046 XX-3125

Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Percent

Ni (ppm) Pb (ppm) Sb (ppm) Se (ppm) Sn (ppm) V (ppm) Zn (ppm) Hg (ppm) Ca (ppm) K (ppm) Mg (ppm) Na (ppm) Moisture

30.3 11.8 0.33 0.51 0.56 24.0 72.7 0.0138 28500 2580 10600 133 19.7

30.2 16.0 0.38 0.51 1.22 23.6 111 0.0173 40800 2520 12900 144 17.9

34.1 24.0 0.71 0.52 2.43 22.3 116 0.0354 32400 2270 12800 142 22.6

51.4 44.9 0.61 1.55 2.85 50.7 204 0.335 14300 4250 13500 174 78.2

30.3 11.8 < 0.5 < 2 0.56 24.0 72.7 0.0138 28500 2580 10600 < 2000

30.2 16.0 < 0.5 < 2 1.22 23.6 111 0.0173 40800 2520 12900 < 2000

34.1 24.0 0.71 < 2 2.43 22.3 116 0.0354 32400 2270 12800 < 2000

51.4 44.9 0.61 < 2 2.85 50.7 204 0.335 14300 4250 13500 < 2000

Albion Environmental, 4505 Boyett Street
Bryan, TX 77801  (979)-268-2677

APPROVED:      

Dr. P.N. Boothe, Laboratory Manager
 12/18/2016
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Processing

Sponsor ID AE Sample ID Collection Date Location Sample Type Matrix (Note 3) Method Anal. Date

Reporting Limit Sediment (ppm 

dry wt.) Note 4 Note 5

Reference Material  (Note 3)

MESS3-1 Albion Env. Reference Material Marine Sed. Total Rec. Note 4 Note 5

Certified Value

Percent Recovery (% R)

Historical % R

Digestion Duplicates  (Note 6)

LED0043 XX-3122 Not Applicable PC01R, PC02, PC03 Composite Sed. Grabs FW Sediment Total Rec. Note 4 Note 5

XX-3122-DUP Not Applicable PC01R, PC02, PC03 Digestion Duplicate FW Sediment Total Rec. Note 4 Note 5

Relative Percent Difference 

(RPD)

Matrix Spike (Note 7)

LED0045 XX-3124 Not Applicable PC09, PC10 Composite Sed. Grabs FW Sediment Total Rec. Note 4 Note 5

XX-3124-SPK Not Applicable PC09, PC10 Matrix Spike FW Sediment Total Rec. Note 4 Note 5

Expected Increase

% R

Blank Spikes  (Note 7)

LCS-1 Note 4 Note 5

Expected Increase

% R

Method Blank 

MBLK-1 (Raw) Note 4 Note 5

MBLK-1 (Censored) Note 4 Note 5

Laboratory Quality Assurance Samples

Albion Environmental, 4505 Boyett Street
Bryan, TX 77801  (979)-268-2677

APPROVED:      

Dr. P.N. Boothe, Laboratory Manager
 12/18/2016
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Sponsor ID AE Sample ID

Reporting Limit Sediment (ppm 

dry wt.)

Reference Material  (Note 3)

MESS3-1

Certified Value

Percent Recovery (% R)

Historical % R

Digestion Duplicates  (Note 6)

LED0043 XX-3122

XX-3122-DUP

Relative Percent Difference 

(RPD)

Matrix Spike (Note 7)

LED0045 XX-3124

XX-3124-SPK

Expected Increase

% R

Blank Spikes  (Note 7)

LCS-1

Expected Increase

% R

Method Blank 

MBLK-1 (Raw)

MBLK-1 (Censored)

Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt.

Ag (ppm) Al (ppm) As (ppm) B (ppm) Ba (ppm) Be (ppm) Cd (ppm) Co (ppm) Cr (ppm) Cu (ppm) Fe (ppm) Mn (ppm) Mo (ppm)

0.1 500 2 5 0.5 0.5 0.1 2 1 0.3 1000 0.5 1

0.18 13600 18.6 26.8 330 0.92 0.24 11.9 29.0 31.7 31300 329 2.37

0.18 85900 21.2 NCV 340 2.30 0.24 14.4 105 33.9 43,400 324 2.78

102 16 88 97 40 100 83 28 94 72 102 85

111 23 88 98 48 104 90 32 102 83 96 97

0.08 11650 13.1 10.8 116 0.72 0.173 11.9 18.6 22.6 26100 567 4.12

0.09 12580 12.9 11.3 115 0.65 0.173 11.6 18.8 23.8 27600 620 4.26

3.7 7.7 1.5 4.5 0.9 9.2 0.0 2.6 1.1 5.2 5.6 8.9 3.3

0.15 11500 14.6 10.8 75.4 0.60 0.510 12.6 26.1 42.4 33000 456 4.12

2.55 11100 20.4 9.53 293 1.62 5.69 32.5 78.6 85.3 32400 971 4.18

2.50 Not Spiked 5.00 Not Spiked 200 1.00 5.00 20.0 50.0 50.0 Not Spiked 500 Not Spiked

96 116 109 102 104 100 105 86 103

0.49 0.23 1.03 0.01 41.1 0.21 1.04 3.98 10.2 10.2 0.46 95.4 0.01

0.50 Not Spiked 1.00 Not Spiked 40.0 0.20 1.00 4.00 10.0 10.0 Not Spiked 100 Not Spiked

98 103 103 103 104 100 102 102 95

0.00 0.29 0.00 0.02 0.00 0.00 0.001 0.00 0.00 0.01 0.04 0.031 0.02

< 0.1 < 500 < 2 < 5 < 0.5 < 0.5 < 0.1 < 2 < 1 < 0.3 < 1000 < 0.5 < 1

Albion Environmental, 4505 Boyett Street
Bryan, TX 77801  (979)-268-2677

APPROVED:      

Dr. P.N. Boothe, Laboratory Manager
 12/18/2016
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Sponsor ID AE Sample ID

Reporting Limit Sediment (ppm 

dry wt.)

Reference Material  (Note 3)

MESS3-1

Certified Value

Percent Recovery (% R)

Historical % R

Digestion Duplicates  (Note 6)

LED0043 XX-3122

XX-3122-DUP

Relative Percent Difference 

(RPD)

Matrix Spike (Note 7)

LED0045 XX-3124

XX-3124-SPK

Expected Increase

% R

Blank Spikes  (Note 7)

LCS-1

Expected Increase

% R

Method Blank 

MBLK-1 (Raw)

MBLK-1 (Censored)

Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Dry Wt. Percent

Ni (ppm) Pb (ppm) Sb (ppm) Se (ppm) Sn (ppm) V (ppm) Zn (ppm) Hg (ppm) Ca (ppm) K (ppm) Mg (ppm) Na (ppm) Moisture

1 0.1 0.5 2 0.2 2 1 0.002 4000 2000 4000 2000

36.0 16.6 0.70 0.90 0.62 66.8 142 0.097 14400 4250 13700 12000

46.9 21.1 1.02 0.72 NCV 243 159 0.091 14700 26000 16000 16000

77 79 68 125 27 89 107 98 16 86 75

84 80 71 93 33 90 102 96 21 89 79

30.3 11.8 0.33 0.51 0.56 24.0 72.7 0.0138 28500 2580 10600 133

30.0 11.7 0.36 0.44 0.54 25.9 78.1 0.0143 31700 2750 11400 134

1.0 0.9 7.3 13.3 2.0 7.6 7.2 3.6 10.6 6.4 7.3 0.7

34.1 24.0 0.71 0.52 2.43 22.3 116 0.0354 32400 2270 12800 142

135 69.1 5.12 5.59 2.10 72.1 309 1.83 32500 2130 12600 128

100 50.0 5.00 5.00 Not Spiked 50.0 200 1.89 Not Spiked Not Spiked Not Spiked Not Spiked

101 90 88 101 100 97 95

20.5 9.72 0.99 1.13 0.00 8.95 41.3 NA 0.98 0.22 0.66 0.52

20.0 10.0 1.00 1.00 Not Spiked 10.0 40.0 Not Spiked Not Spiked Not Spiked Not Spiked

103 97 99 113 90 103

0.00 0.00 0.00 0.01 0.00 0.00 0.04 0.000 0.69 0.26 0.60 0.52

< 1 < 0.1 < 0.5 < 2 < 0.2 < 2 < 1 < 0.002 < 4000 < 2000 < 4000 < 2000

Albion Environmental, 4505 Boyett Street
Bryan, TX 77801  (979)-268-2677

APPROVED:      

Dr. P.N. Boothe, Laboratory Manager
 12/18/2016
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Notes: 
1. Metals concentration units are total recoverable metals in micrograms per gram (parts per million) on a 
dry weight basis. This data report applies only to the samples listed and the report shall not be 
reproduced except in full. Mercury (Hg) are total sediment Hg in ppm. To provide the maximum amount of 
information to the sponsor for data interpretation, sediment metal levels are reported both raw 
(uncensored) and censored to the reporting limit. Data censored to the reporting limit are most commonly 
reported to regulatory agencies. 
2. Sediment samples were received in good condition from the sponsor (TDI-BI/B&B Laboratories, 
14391B South Dowling, College Station, TX 77845) and kept refrigerated until further processing. 
Sediment samples were then homogenized and freeze-dried to a constant weight in the original bottles. 
The percent moisture was determined to allow conversion between wet (as received) and the dry weight 
concentrations reported here. The dried sediment samples were then ground to a fine powder. For EPA 
method 200.8 approximately 0.2 g of the dried and powdered sediment samples were subjected to a 
strong acid leaching digestion at 95 deg. C. for six hours. The acid leachate was then brought to 
approximately 20 ml final volume with deionized water. The leachate (digestate) was then diluted further 
as needed to keep the solution concentration within the calibration range of the ICP-MS instrument and to 
adjust as needed the acid strength for analysis.  
3. The heated, strong acid leach digestion used for this study is NOT a total digestion quantifying all of a 
given element present in the sediment matrix. The percentage of metal leached into solution for analysis 
varies by element. For example, for the more refractory metals (e.g. Al, Cr, V) only a relatively small 
percentage is leached into solution for analysis. For many other elements (including many pollutant 
metals) that are largely adsorbed onto the sediment particles, a much higher percentage is leached into 
solution for analysis. A marine sediment reference material (MESS-3) was used to estimate the 
percentage of each element leached into solution for analysis. The percentage released is compared to a 
historical percentage that is typically observed for such a heated strong acid leach. The leaching 
efficiency observed between the observed and historical percentage leached was generally in agreement 
for this sample set. The leaching efficiency can be used to estimate the total metal present in the 
sediment samples.  
4. Metals concentrations (except Hg) were determined in the sediment leachate according to EPA method 
200.8 (ICP-MS). All metals were determined by standard mode ICP-MS except that calcium (Ca), 
chromium (Cr), iron (Fe), magnesium (Mg), manganese (Mn), nickel (Ni), potassium (K), selenium (Se), 
and vanadium (V) were determined by method 200.8 modified for dynamic reaction cell (DRC)-ICP-MS 
using ammonia as the cell gas. Arsenic (As) was determined by DRC-ICP-MS using oxygen as the cell 
gas DRC-ICP-MS are interference control technologies that minimize the overestimation of aqueous trace 
metals levels associated with isobaric interferences that can occur with standard mode ICP-MS. Isobaric 
interferences are a significant concern especially for many sediment matrices because of elevated 
concentrations of Ca, Mg, Na, Cl, etc. Total sediment Hg was determined using EPA method 7473. In this 
method, the dried and powdered sediment samples are analyzed directly by thermal decomposition, 
amalgamation and atomic absorption spectrophotometry.  
5. Sediment leachates were analyzed by EPA 200.8 (see note 4) on 12-15-2016. Dry, homogenized 
sediment samples were analyzed for Hg (see note 4) on 12-13-2016.  
6. For digestion (leach) duplicates, different aliquots of freeze-dried sediments are digested and analyzed 
individually as separate samples. An RPD of < 20% is expected for digestion duplicates.  
7. The trace metals spike is added to the spiked samples prior to the leaching procedure and carried 
through the entire process in the same manner as the other unknown sediment samples. Major elements 
in high concentrations (Al,Ca,K,Mg,Fe) and a few rarely requested elements (B,Mo,Sn) were not spiked. 
All matrix spike percent recoveries (% R) were acceptable.  
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