
O A J Y t i ^ ^ llBattelle 

/O '  ̂  A *-/ • " • ^^^''^8 Technology To Work 

September 9, 2003

,  , ^ „ ,
Ms. Laureen Borochaner

 T AI (/ ­» /
K  ̂  n l p U K  P

 Duxbury Operations 
 397 Washington Street 

 Duxbury, Massachusetts 02332 
 Telephone 781-934-0571 

U.S. Amiy Corps of Engineers, New England District Fax: 781-934-2124 
696 Virginia Road 
Concord, MA 01742-2751 

CONTRACT NO. DACW33-01 -D-0004 SDMS DociD 000204626 
DELIVERY ORDER: 01 
SUBMITTAL OF DELIVERABLES ~ Letter Data Report, Task RI-8, Petroleum Hydrocarbon 
Assessment of Centredale Sediment Cores, Centredale Manor Restoration Project Superfund Site 

Dear Ms. Borochaner: 

Enclosed please find two (2) copies of the Letter Data Report for the Centredale Manor 
Restoration Project Superfund Site for your review. This letter summarizes the results of 
analytical work performed by Battelle on five sediment core samples collected at the site in May 
2003. The primary purpose of this investigation is to characterize selected sediment core samples 
from Allendale and Lyman Mill Ponds. Briefly, sediment core samples were collected at 
Allendale and Lyman Mill Ponds from May 6 to May 9, 2003. Sediment cores were processed 
and sub-samples from various depth intervals were removed for radiodating, dioxin and 
geotechnical testing; results from these analyses will be reported separately. Core processing 
showed that many cores collected at Lyman Mill Pond were noticeably different from Allendale 
Pond cores. Specifically, the top layer (1 to 2 Vi fl) of sediment in many of the Lyman Mill Pond 
cores consisted of an unconsolidated, black, oily material with a petroleum smell. Core logs for 
all sediment samples were reviewed and five samples were selected for petroleum hydrocarbon 
assessment to determine whether the sediment material in this top layer was natural or man-made. 

Samples 

Samples selected for petroleum hydrocarbon characterization are presented in Table 1, and 
sample locations are presented in Figures la and lb. Samples were analyzed in the laboratory for 
total petroleum hydrocarbon (TPH) content, alkanes, and isoprenoids, polycyclic aromatic 
hydrocarbons (PAH) and biomarkers. Sample analysis methods are described below. 

Methods 

The five sediment samples were extracted in one analytical batch according to Battelle SOP 5­
307, Soil/Sediment Extraction for Petroleum Contaminant Analysis Using the Accelerated Solvent 
Extractor. A high-resolution fmgerprint (nC8-nC40) of all samples was generated using a gas 
chromatograph equipped with a flame ionization detector (GC/FID). All extracts were also 
analyzed for parent and alkylated PAHs (Table 2) and biomarker signatures using gas 
chromatography/mass spectrometry operated in the selected ion monitoring mode (GC/MS/SIM). 
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Results and Discussion 

The high-resolution hydrocarbon fingerprints (GC/FID) indicated the presence of three 
hydrocarbon types in the five samples from the Allendale and Lyman Mill Pond sediments 
(Figure 2). 

•	 Plant waxes constituted the largest peaks. These compounds included normal alkanes 
containing 27 to 35 carbons per compound and a pronounced enrichment of odd over even 
carbon chain lengths (see the profile of peaks 27 to 35 in Figures 2a to 2d). The differences 
in the profile of the waxes likely indicated the presence of varying plant species and 
environmental degradation. 

•	 The unresolved complex mixture (UCM) indicated the presence of weathered residual 
petroleum, motor oil drippings, asphalt, or a combination of these materials. The UCM 
contour of CMS-SD-4223 (boring ID 120b) was superimposed on the other field and 
reference samples to illustrate the subtle differences in the UCM composition. These small 
differences suggested the presence of varying levels of asphalt, motor oil, and residual 
petroleum. The UCM profiles resembled common urban background signatures (compare 
Figures 2a to 2d with 2e). 

•	 Low levels of recalcitrant PAH compounds, like fluoranthene (F) and pyrene (P), originated 
from sources of partially combusted organic material; for example, building fires, vehicular 
exhaust, tar products and others. The relative abundances of these analytes resembled the 
urban sediment reference material (compare Figures 2a to 2d with 2e). The similar relative 
abundance of fluoranthene and pyrene in the study samples suggested a shared anthropogenic 
PAH origin. 

The detailed PAH data complemented the high-resolution hydrocarbon fingerprints in several 
respects. 

•	 The most abundant PAH were fluoranthene and pyrene in all field and urban sediment 
reference samples. In part, this PAH maximum typically results from the environmental 
weathering of 2- and 3-ring PAH as illustrated in Figure 3a. 

•	 Similarly, the field and reference samples shared a pyrogenic' PAH profile. Notice the 
downwardly sloping contour of the alkylation series for phenanthrene/anthracene, 
fluoranthene/pyrene, and benz(a)anthracene/chrysene. This downwardly sloping contour 
illustrated a declining relative abundance with increasing alkylation level as illustrated in 
Figure 3b. 

•	 Also, the field and reference samples contained relatively high levels of pyrogenic 5- and 6­
ring PAH as illustrated in Figure 3c. 

' The term, "pyrogenic," refers to the formation of PAH during the partial combustion or pyrolysis of 
organic matter (Emsbo-Mattingly et al., 2002). A pyrogenic PAH pattem exhibits a high abundance of 
parent relative to alkylated PAH; e.g., in the absence of weathering, PAH homologues with no alkyl groups 
are more abundant than those containing one aUcyl group. In turn, the PAH with increasing alkyl groups 
progressively decline in relative abundance. By contrast, the term "petrogenic" refers to the formation of 
PAH during petroleum or coal generation (Stout, et al., 2002). A petrogenic PAH pattern exhibits low 
parent abimdance relative to its alkylated homologues; e.g., PAH homologues with no alkyl groups are less 
abimdant than PAH with one to three alkyl groups. The homologues with 2 or 3 alkyl groups are often the 
most abundant in a petrogenic PAH profile. 
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However, the pyrogenic PAH in CMS-SD-4223 (boring ID 120b) differed shghtly in the low 
abundance of benzo(a)pyrene relative to benzo(e)pyrene (compare Figures 3a to 3b through 
3d). This subtle difference may indicate a slightly different source of pyrogenic PAH. 
Additional samples would help determine if this difference was localized to this sample or 
generally applicable to Allendale Pond. 

The higher abundance of perylene (PER) relative to dibenz(a,h)anthracene (DA) in LPX-SD­
4203 (boring ID 188c) suggested slightly higher diagenetic rates of plant material in the 
southern reaches of Lyman Mill Pond (Figure 3d). 

The triterpane biomarker fmgerprints exhibited a high de^ee of similarity as well (Figure 4). 

•	 The field samples possessed a wide range of triterpanes (tricyclics through homohopanes). 
The relative abundances of source specific analytes (e.g., Ts to Tm and NH to H) remained 
fairly constant in the field samples. 

•	 The relative abundance of oleanane to moretane was slightly higher in CMS-SD~4223 (boring 
ID 120b) (compare Figure 4a to 4b through 4d). However, it was not possible with the few 
number of samples analyzed to determine if this difference indicated unique sources of high 
molecular weight petroleum in each pond. 

A summary of the quMititative data helped evaluate the significance of the hydrocarbon pattems 
(Figure 5). The sum of the 16 EPA Priority Pollutant PAH (EPA 16 PAH) correlated very well 
with the sum of the 43 PAH (Total PAH) measured in this study (Figure 5a, R̂  = 0.9975). This 
tight correlation indicated that a similar pyrogenic PAH assemblage existed in all study samples 
(Figure 3) and registered little evidence of localized influence from petroleum products (e.g., 
petrogenic PAH). In addition, low concentrations of EPA 16 PAH were measured in the southern 
end of Allendale Pond, northem end of Lyman Mill Pond, and southern end of Lyman Mill Pond. 
By contrast the maximum levels of EPA 16 PAH were measured in the middle of Lyman Mill 
Pond. These elevated levels suggested increased inputs of partially combusted material in the 
middle of Lyman Mill Pond and were consistent with the receipt of runoff from more urbanized 
areas. 

Similarly, the high abundance of hopane relative to the sum of EPA 16 PAH fell in the middle to 
lower reaches of Lyman Mill Pond (Figure 5b). This hopane trend may indicate higher inputs of 
residual petroleum products (e.g. motor oil drippings and abraded asphah) in middle and lower 
sections of Lyman Mill Pond. 

High levels of total organic carbon (TOC^) failed to correlate with PAH concentration (Figure 
5c). This poor correlation demonstrated that the TOC and PAH originated from different sources; 
e.g., the organic content of the field samples was not predominantly petrogenic or pyrogenic. It is 
likely that the organic material in these samples was predominantly degraded vegetation. 

In general, the levels of PAH (EPA 16 PAH from 2,000 ug/kg dry to 100,000 ug/kg dry) 
measured in Allendale and Lyman Mill Ponds (Figure 6a) were comparable to levels also 

^ TOC results discussed here arefrom the analysis of geotechnical samples conducted in support of the 
Centredale Task RI-8 Sediment Investigation. The TOC results are notfinal through third party validation 
at the time this letter was written. 
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measured in down stream locations (Figure 6b) and regional reference locations (Figure 6c)^. 
The regionally consistent PAH in the study area suggested the absence of a clearly identifiable 
point source for these compounds. Rather, the PAH loading was widespread and characteristic of 
local background conditions with two exceptions: Dyerville and Assapumpset. It was not 
possible to determine the cause for lower PAH levels in Dyerville and Assapumpset from the 
available data. Possible explanations included different stormwater flow pathways or low 
numbers of representative samples. Nevertheless, the regional PAH concentrations measured 
throughout this project (Figure 6a to 6c) fell within the range of urban background sediments 
published by Stout, et al., 2003 (Figure 6d). 

Conclusion 

The field samples likely contained combustion byproducts (soot) and residual petroleum (asphalt, 
motor oil, and possibly other residual petroleum products) consistent with an urban background. 
They contained low levels of PAH and exhibited similar hydrocarbon fingerprints. The signature 
of urban runoff increased slightly in the middle of Lyman Mill Pond and likely corresponded to a 
greater density of human settlement, incidental hydrocarbon releases from vehicular traffic, and 
commercial activity in adjacent upland locations. Nevertheless, the sediments from Allendale 
and Lyman Mill Ponds were generally similar. The absence of pronounced localized signatures 
of petroleimi and tar products indicated a lack of significant point sources of PAH detectable in 
the sampling locations. The low levels of soot and residual petroleum failed to explain the 
relatively high levels of organic carbon (7.9% to 15%*̂ ) present in the pond sediments. 
Consequently, we attributed the bulk of the organic material to degraded vegetation. 

If you have any questions regarding this repeat, please contact Mr. William Steinhauer at (781) 952­
5319 or Mr. Stephen Emsbo-Mattingly at (781) 952-5246. 

Sincerely, 

\ \ ] A S  . Jf^iVw\^JVw:^ 

William Stemhauer Karen Foster 
Project Manager Program Manager 

end. 

cc: A. Krasko, USEPA (3 copies) S. Emsbo-Mattingly, Battelle 
A. Beliveau, USEPA D. Dahlen, Battelle 
M. Corcoran, USAGE WES B. Liu, Battelle 

M. Spangberg, MACTEC 
Attachments: 
Attachment A; Total Petroleum Hydrocarbons Results (GC/FID) 

Attachment B: High-Resolution Hydrocarbon Fingerprints (GC/FID) 

Attachment C: Quantitative PAH Results (GC/MS/SIM) 

Attachment D: Detailed PAH Histograms (GC/MS/SIM) 

Attachment E: Triterpane Fingerprints (GC/MS/SIM) 

Attachment F: Total Organic Carbon 


' EPA 16 PAH levels were determined using sediment and soil datafrom the Centredale database. 

"* Range in TOC values reported correspond to samples analyzed for petroleum hydrocarbons (Table 1), 

using pre-validated data. 
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Table 1. Study Samples from Allendale and Lyman Mill Ponds, North Providence, 
RI. 

Sample ID Boring ID Laboratory ID Date Collected 
CMS-SD-4223-0004-01 (a) 120b T2360 5/8/2003 
LPX-SD-4208-0011-01 (a) 223a T2361 5/7/2003 
LPX-SD-4207-0009-01 (a) 217a T2364 5/7/2003 
LPX-SD-4205-0015-01 199a T2334 5/8/2003 

LPX-SD-4203-0012-01 188c T2385 5/8/2003 

(a) Samples received slightly outside of temperature specifications (8.8°C vs. 6°C) 
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Table 2. Analyte Abbreviations. 

PAH Analyte Abbreviation 
Naphthalene NO 
01-Naphthalenes N1 
C2-Naphthalenes N2 
C3-Naphthalenes N3 
C4-Naphthalenes N4 
Biphenyl B 
Acenaphthylene AY 
Acenaphthene AE 
Dibenzofuran DF 
Fluorene FO 
C1-Fluorenes F1 
C2-Fluorenes F2 
C3-Fluorenes F3 
Dibenzothiophene DBTO 
C1 -Dibenzothiophenes DBT1 
C2-Dibenzothlophenes DBT2 
C3-Dibenzothiophenes DBT3 
C4-Dibenzothiophenes DBT4 
Anthracene AO 
Phenanthrene PO 
C1 -Phenanthrenes/Anthracenes PA1 
C2-Phenanthrenes/Anthracenes PA2 
C3-Phenanthrenes/Anthracenes PA3 
C4-Phenanthrenes/Anthracenes PA4 
Fluoranthene FLO 
Pyrene PYO 
01 -Fluoranthenes/Pyrenes FP1 
02-Fluoranthenes/Pyrenes FP2 
03-Fluoranthenes/Pyrenes FP3 
Benzo(a)anthracene BAO 
Ohrysene OO 
01-Ohrysenes B01 
02-Ohrysenes B02 
03-Ohrysenes B03 
04-Ohrysenes B04 
Benzo(b)fluoranthene BB 
Benzo(j/k)fluoranthene BJK 
Benzo(a)fluoranthene BAF 
Benzo(e)pyrene BEP 
Benzo(a)pyrene BAP 
Perylene PER 
lndeno(1,2,3-c,d)pyrene IND 
Dibenz{a,h)anthracene DA 
Benzo(g,h,i)perylene GHI 
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Figure la. Sample Locations in Allendale Pond. Forensic sample locations circled. 

Legend 
V 1 " -. J. 

• ' Allendale Sample Locations 
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Figure lb. Sample Locations in Lyman Mill Pond. Forensic sample locations 
circled. 

Legend A
• Lyman Mill Sampit Locations 
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Figure 2. High-Resolution Hydrocarbon Fingerprints (GC/FID). 

a. South Allendale Pond 
CMS-SD-4223-0004-01 (120b) 

b. Middle Cove Lyman Mill Pond 
LPX-SD-4207-0009-01 (217a) 

c. Middle Lyman Mill Pond 
LPX-SD-4205-0015-01 (199a) 
Similar to sample 
LPX-SD-4208 (223a) 

d. South Lyman Mill Pond 
LPX-SD-4203-0012-01 (188c) 

e. Urban Sediment 
NISTSRM 1944 

T^j i^ 

11 _J__..^^. Li—i.—..uM'^' 

Q - QC compounds F = Fluoranthene P = Pyrene ## = normal alkanc carbon number 
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Figure 3. Detailed PAH Histograms (GC/MS/SIM). 

a. South Allendale Pond 34300 48800 Hp/kq dry 

CMS-SD-4223-0004-01 (120b) 

Weathered 
2- to 3-Ring PAH 

b. Middle Cove Lyman Mill Pond 
LPX-SD-4207-0009-01 (217a) 

c. Middle Lyman Mill Pond 93200 j j g ^ ^ t x ­

LPX-SD-4205-0015-01 (199a) 

Similar to sample 

LPX-SD-4208 (223a) 


EPAPAH= 24100 Total PAH • 39100 d. South Lyman Mill Pond JJS*g-dry_. 

LPX-SD-4203-0012-01 (188c) 

EPAPAH - 53600 Total PAH- 116000 ug/kg dry e. Urban Sediment 
NISTSRM 1944 
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Analyte abbreviations (Table 2) 
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Figure 4. Triterpane Fingerprints (GC/MS/SIM). 
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a. South Allendale Pond 
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c. Middle Lyman Mill Pond 
LPX-SD-4205-0015-01 (199a) 
Similar to sample 
LPX-SD-4208 (223a) 
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d. South Lyman Mill Pond 
LPX-SD-4203-0012-01 (188c) 
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Figure 5. Summary of Quantitative PAH and TOC Data. 

a. Very good correlation between the sums of 
EPA 16 PAH and the total PAH concentrations 
suggests a common PAH origin at varying 
levels of dilution. 
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b. Poor correlation between the sum of EPA 16 
PAH and the heavy petroleum marker hopane 
(HOP). Relatively high levels of HOP in LPX­
4203, LPX-4205, and LPX-4207 suggest higher 
residual petroleum or asphalt in the middle to 
lower Lyman Pond sediments. 
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c. Very poor correlation between EPA 16 PAH 
and Total Organic Carbon (TOC) indicates that 
the bulk of the organic material is not sourced to 
the PAH origin. 
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Figure 6. Frequency Histograms of Total EPA 16 PAH Concentration by Location. 
Data drawn from larger Centredale project database and published values for 
urban background. 

a. Forensic Study Area. A wide range of PAH 
concentrations exist throughout Allendale and 

• Allandals (n^SSS) 

D Lyman Mi l (nrfO) Lyman Mill Ponds. 

ll> 1 I l l l l . l l . I I I iJ_« l l l l 
epAPAH Concsntrat ion (ug/kg diy) b. Down Stream Study Area. Despite fewer 

samples, the range of PAH concentrations in the 
I Manton (n.6) Allendale/Lyman Mill Ponds continued 
0 Dyarvilte (n.3) 

downstream. 

c. Regional Reference Areas. The frequency of 
high PAH concentrations in the Greystone 

• Greystone (n>i24) 

LJ Asaapunpaat (rwS) sediments resembled the Allendale and Lyman Mill 
Ponds. The Assapumpset sediments spanned a 
more narrow PAH concentration range. 

Ml 
d. Published PAH Concentrations in Urban 
Background Sediments (Stout, et al., 2003). The J 141 • Published Backflround (ng333]! 

concentration of total EPA 16 PAH in the study 
areas fell within the same order of magnitude (2 to 
100 ppm) as urban sediments measured throughout 
the United States. 

Total EPA 16 PAH Concentrat ion (ug/kg dry) 
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TPH/ALKANES/ISOPRENOIDS QA/QC SUMMARY 

QC Batch 03-0619 
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PROJECT: 

PARAMETER: 

LABORATORY: 

MATRIX: 

SAMPLE 
CUSTODY: 

US ACE NAE Delivery Order #01 Centredale, Task RI-8 

TPH, alkanes and isoprenoids 

Battelle, Duxbury, MA 

Sediment 

Sediment samples were collected in the field between May 6-9, 2003. Samples 
arrived at Battelle Duxbury in one shipment and cooler temperatures ranged from 
2.9 to 8.8 °C. Receipt cooler temperatures for the five sediment samples selected for 
analysis were: 

T2360, T2361, and T2364 were received at 8.8 °C; 
T2334 was received at 3.0 °C; 
T2385 was received at 4.0 °C. 

All samples were received in good condition. 

QA/QC MEASUREMENT PERFORMANCE CRITERIA*: 

Reference Surrogate LCS/MS Duplicate 
Method Blank Recovery Recovery Precision 

TPH, Battelle SOP <ssRL^ 40-125% 40-120% ^ 0  % RPD ^ 
alkanes, 5-307 Recovery Recovery" 
isoprenoids 
' ssRL = sample-specific reporting limit; Associated sample concentrations should he >5x blank values. 
*" For 90% of analytes; Analyte concentration in MS must be >5x background to be used for data quality assessment 
•̂  For 90% of analytes; Analyte concentration in sample replicates must be >ssRL to be used for data quality assessment 

* Please note that the petroleum hydrocarbon assessment of selected sediment cores collected in May 2003 is 
outside die scope of Centredale Quality Assurance Project Plan (QAPP), therefore no project specific QA/QC 
criteria available. The laboratory default QA/QC criteria are used in this task. 

METHOD: Sediment samples were prepared and analyzed for TPH, alkanes, isoprenoids, PAHs 
and hopane following Battelle's Standard Operating Procedures (SOP). Briefly, 

Sediment Sample Preparation - Sediment samples were extracted for TPH, alkanes, 
isoprenoids, PAHs and hopane following Battelle Duxbury SOP 5-307, Soil/Sediment 
Extraction for Petroleum Contaminant Analysis Using the Accelerated Solvent 
Extractor. Briefly, approximately 10 g of well-mixed, wet sediment material was 
weighed into an extraction vessel and spiked with the surrogate internal standard (SIS) 
compounds. Next, the sample was extracted with dichloromethane (DCM) using 
Dionex™ ASE 200 Accelerated Solvent Extractor (1500 psi, lOO^C). The extract was 
dried over hydromatrix diatomaceous earth or sodium sulfate, concentrated to 
approximately 2 to 3 mL using Kuderna-Danish and nitrogen evaporation techniques. 
Sample extracts were treated with activated copper to remove elemental sulfur. The 
extract was then processed through an alumina cleanup column. Gravimetric analysis 
was performed for both pre-column and post-column extracts to estimate the dilution 
factor for the sample extracts. The extract was concentrated under nitrogen to 
approximately 1 mL, fortified with recovery internal standard (RIS) compounds that are 
used for quantification, and split for TPH/alkanes/isoprenoids and PAHs/hopane 
analyses by GC/FID and GC/MS, respectively. 

GC/FID Analysis - TPH/alkanes/isoprenoids were analyzed by GC/FTD (Hewlett 
Packard 6890) using a 30-m DB5 column and hydrogen as the carrier gas. A minimum 
of a five-point calibration curve was used for TPH/alkanes/isoprenoids analysis, ranging 

Page 1 of 3 
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TPH/ALKANES/ISOPRENOIDS QA/QC SUMMARY 

QC Batch 03-0619 


METHOD 
(CONT): 

HOLDING 
TIMES: 

DETECTION
LIMITS:

BLANKS: 

LABORATORY 

CONTROL 

SAMPLE 


MATRIX 
SPIKES: 

SURROGATES: 

from approximately 1 to 200 |Xg/mL. Concentrations of TPH/alkanes/isoprenoids were 
determined by the method of internal standards, using the RIS. All sediment results 
were reported in a milligram per kilogram dry-weight concentration basis (mg/kg). 

Samples were prepared for analysis in one analytical batch. Samples were extracted 
and analyzed within holding times. Sediment samples were held frozen and in the dark 
until extraction. 

Batch Exuaction Date Analysis Date 
03-0619 07/16/2003 07/25/2003 

 TPH/alkanes/isoprenoids results are reported relative to sample-specific reporting limits 
 (ssRL) for that compound, as follows: 

•	 Non-detects are reported as "null" and U flagged. 
•	 Compounds detected at a concentration below the ssRL are reported and J 

flagged. 

Note that the ssRL is based on the low calibration standard and adjusted for sample 
specific processing factors and volumes. 

A laboratory procedural blank (PB) was prepared with the analytical batch. Blanks are 
analyzed to ensure that the sample extraction and analysis methods were free of 
contamination. 

03-0619 - No exceedances. 

One laboratory control sample (LCS) was prepared with each analytical batch. The 
LCS was fortified with representative alkanes to monitor data quality in terms of 
accuracy. 

03-0619 - No exceedances. 

LCS recoveries ranged from: 

alkanes 
BC924LCS 47 - 97% 

One matrix spike (MS) sample was prepared with the sediment batch to measure data 
quality in terms of accuracy and precision. The MS was fortified with representative 
alkanes to monitor data quality in terms of accuracy. 

03-0619 - No exceedances. 

Recoveries ranged from: 

alkanes 
T2360MS-D 41 -104% 

One surrogate compound, o-Terphenyl, was added to each sample prior to extraction. 
Recovery data were calculated to measure data quality in terms of accuracy (extraction 
efficiency). 

03-0619 - No exceedances. 

Page 2 of 3 



TPH/ALKANES/ISOPRENOIDS QA/QC SUMMARY 

QC Batch 03-0619 


DUPLICATES: A laboratory duplicate was prepared with the batch. The relative percent difference 
(RPDs) between laboratory duplicate analyses for TPH/alkanes/isoprenoids were 
calculated to measure data quality in terms of precision. 

03-0619 - No exceedances. 

RPDs rangedfrom 4.0 to 30.0%. 

m 

m 

m 

« 

ii 

ii 

i 

i 


i 
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0Baffelie 

.  . futUng Teclinolagy Jo \Mxk 

Project Name Centredale Delivery Order 01. Task RI-8 
Project Number G487002-R18A 

Client Sample ID 

Battelle Sample ID 
Matrix 
Batch ID 
Analytical Method 
Sequence 
Data File 
Collection Date 
Receipt Dale 
Extraction Date 
Analysts Date 
Sample Weight (g) 
Percent Moisture 
Pr»nary Dilution Factor 
Secondary Dilution Factor 
PIV((/I) 
Min Reporting Limit 
Concentration Units 

n-C6 
11-09 
n-C10 
n-Cl1 
n-C12 
n-C13 
Isoprenoid 1380 
n-C14 
Isc^renoid 1470 
n-C15 
n-Ct6 
Isoprenoid 1650 
n-C17 
Pristane 
n-C18 
Phytane 
n-C19 
n-C20 
n-C21 
n-CZ2 
n-C23 
n-C24 
n-C25 
n-C26 
n-C27 
n-C28 
H-C29 
n-C30 
n-C31 
11-C32 
n-C33 
n-C34 
n-C35 
n-C36 
n-C37 
n-038 
n-C39 
n-C40 
TPH 

Surrogate Recoveries {%} 
o-Terphenyl 

Procedural Blank 

BC923PB 
Sediment 
03-0619 

8100M 
SQFA003.S 

FAOtffil-D 
NA 
NA 

07/16/03 
07/25/03 

4.00 
62.64 

1.00 
NA 

1000 
0.25 

mg/t^ 

5.37 

86 

NA - Not applicable 

J - Result < Samuls RL. 

U - Not Detected. 

N - Outside of DQO. 

n - Outside of DQO, but meets con^ngency criteria. 


U 
U 
U 
U 
U 

U 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

mt 

m 

Not Sun'ogate Corrected 
P8 Results 9/8/2003 s03-0619fidvaiues,xls 



il FMing Technology To Wfer* 

Project Name Cenb^ale Delivery Order 01, Task Rl-e 

Pn^ect Number G487002-RIBA 

CHent Sample ID Laboratory conb'ol Sample 

Battelle Sample ID BC924LCS 
Matrix Sediment 
Batch ID 03-0613 
Analytical Method 8100M 
Sequence SQFA003.S 

m Data File 
Collecton Date 

FA0063.D 
NA 

Receipt Date NA 
Extraction Date 07/16fl33 
Analysis Date 07/25/03 
Sample Weight (g) NA 
Percent Moisture NA 
Primary Dilution Factor 1,00 
Secondary Dilution Factor NA 
PIV(*/I) 1000 
Mil) Reporting Limit 1,(K) 
Concentration Units FZ46 ^ g % Recovery Q 

n-ce U 
n-C9 10.0 4.66 47 
n-CIO lO-d 5.97 60 
f v C I I U 
r K ; i  2 10.0 7.86 79 
n-C13 U 

4 
Isc^renoid 1360 
n.C14 10.0 

U 
7.42 74 

Isc^renold 1470 U 
n-C15 U 
n-C16 1O.0 8.02 80 
Isoprenoki 1650 U 
n-Cl7 U 
Pristane 10,0 8.59 86 
n-C18 10.0 8.93 89 
Phytane 10.0 8.84 88 
n-C19 10.0 8,04 80 

m n-C20 
n-C21 

10.0 8.70 
U 

87 

n-C22 10.0 8.64 86 
n-C23 U 
n-C24 10.0 9.66 97 
n-C25 U 
n-C26 lo.b 8.49 85 
n-C27 U 
n-C28 10,0 9.67 97 
n-C29 U 
n-C30 10.0 6.67 87 
n-C31 U 
n-C32 U 
n-C33 U 
n-C34 U 
n-C35 u 
n-C36 10,0 8.64 86 
n-C37 U 
n-C38 U 

n fi-C39 
n-C40 

U 
U 

Sun'ogate Recoveries (%) 
o-Terphenyl 92 

NA - Not applkiable 
J - Result < Sample RL. 
U - Not Detected. 

N-Outside of DQO, 
n - OutskJe of DOO, but meets contingency criteria. 

J Not Sunvgate Corrected 
LCS Results 9«/2003 503-0619tldva!u6S.>ds 



fBaneiie 
. .  . Putting Technology To WOHc 

Project Name Centredale Delivery Order 01, Task RI-8 

Project Number G487002-RIBA 

CGent Sample ID CMS-SD-4223-0004-01 CMS-SD-4223-0004-01 

Battelle Sample ID T2360-D T23B0MS-D 
Matrix Sediment Sediment 
Batch ID 03^3619 03-0619 
/^alyt ical Method 8100M 8100M 
Sequence SQFA003.S SQFA003.S 
Data File FA0067.D FA0069-D 
Collection Date 05fl)8/03 05/08/03 
Receipt Date 05/12/03 05/12/03 
Extractk>n Date 07/16/03 07/16/03 
Analysis Date 07/25/03 07/25/03 
Sample Weight (g) 3.70 1.88 
Percent Moisture 63-12 63.12 
Primary Dilution Factor 10.53 5.26 
Secondary Dilution Factor NA NA 
PIVO/l) 1000 1000 
MIn Reporting Limit 2,B5 2.80 
Concentration Units FZ46 mg/kg mgAg 

n-C8 U U 
n-C9 100 U 21.95 
n-CIO 100 U 23.09 
n -C I I U U 
n-ClZ 1Q0 U 31.14 
n-C13 U U 
Isoprenoid 1380 U U 
n-C14 100 U 36,97 
Isoprenoid 1470 U U 
D-C15 U U 
n-C16 100 U 45.67 
IsoprenokJ 1650 U U 
n-C17 U U 
Pristane 100 U 49.26 
n-C18 100 U 51.17 
Phytar>e 10O U 49.70 
r>-C19 100 U 48.62 
n-C20 100 U 47.12 
n-C21 u U 
n-C22 100 u 45.71 
n-C23 0.60 J 0.76 J 
n-C24 100 u 50.60 
n-C25 1.39 J 1.55 J 
n-C26 100 U 46.58 
n-C27 7.22 7.89 
n-C28 100 U 55.38 
n-C29 9.31 8,54 
n-C30 100 U 45.45 
n-C31 6.69 6.54 
n-C32 u U 
n-C33 2.21 J 2.12 J 
n-C34 U U 
n-C35 4.12 4.87 
n-C36 100 u 41.14 
n-C37 1.38 J 1,56 J 

n-C38 U U 
n-C3g 0.35 J 0.31 J 
n-C40 U U 
TPH 2035.19 3324,61 

Surrogate Recoveries (%) 
o-Terphenyl 91 90 

NA - Not appBcable 
J - Result < Sample RL. 
U - Not Detected, 
N - Outside of DQO. 
n - Outside of DOO, but meets contingency criteria. 

% Recovery Q 

41 


43 


B9 

70 

86 

93 

96 

93 

91 

89 


66 


95 


88 


104 


85 


77 

» 

Not Surrogate Corrected 
MS Data 9/8/2003 s03-0619fldvalues.xls 



i Battelle 
Putting Technology Jo W»f* 

Project Name Centredale Delivery Order 01, Task RI-8 
Project Number G487002-RI8A 

Cl»nt Sample ID LPX-SD-4207-0009-01 LPX-SD-4207-0009-01 

Battelle Sample ID T2364-D T2364DUP-D 

m Matrix 
Batch ID 

Sediment 
03-0619 

Sediment 
03-0619 

Analytical Method BIOOM BIOOM 
SequerK^ SQFA003.S SQFA003.S 
Data File FA0073,D FA0075.D 

m Collection Date 
Receipt Date 

05/07/03 
05/12/03 

05/07/03 
05/12/03 

Extraction Date 07/16/03 07/16/03 
Analysis Date 07/25/03 07,25/03 
Sample Weight (g) 3.83 3-72 

m Percent Moisture 63.16 63.16 
Primary Dilution Factor 10.53 10.53 
Secondary Dilution Factor NA NA 

PIVO/0 1000 1000 

Min Reporting Limit 2.75 2 83 
Concentration Units mg/kg mg/kg RPD 

n-C8 U u 
n-C9 U U 
n-CIO U u 
n-CII U u 
n-Cl2 U u 
n-C13 U u 
Isoprenoki 1380 U u 

* n-C14 U u 
IsoprenokJ 1470 U u 
n-CiS U u 
n-C16 U u 
Isoprenoid 1650 U u 
n-C17 U u 
Pristane 
n-cie 

U 
U 

u 
u 

Phytane U u 
n-C19 u u 
n-C20 u u 
n-C21 u u 
n-C22 u u 
n-C23 0,59 J 0 7  6 J 25.1 
n-C24 u u 
n-C25 2.22 J 2.31 J 4,0 
n-C26 U U 
n-C27 B.24 10.58 24,9 
n-C28 U U 
n-C29 16.26 14.96 8.3 
n-C30 U U 
n-C31 10.97 11.72 6.6 
n-C32 U U 
n-C33 4.00 4,75 17.2 
n-C34 U U 
n-C35 4.11 4.93 18,0 
n-C36 u U 
n-C37 2.19 J 2,69 J 20,4 
n-C38 U U 
n-C39 0.56 J 0,73 J 26.2 
n-C40 U U 
TPH 2687.07 3634.53 30.0 

Surrogate Recoveries {%) 

O-Terphenyl 91 90 0.1 


NA - Not applicable 

J - ResuH < Sample RL. 

U - Not Detected. 

N-OutskleofDQO, 

n - Outside of DQO, but meets contingency criteria. 


Not Surrogate Corrected 
Duplicate Data 9/8/2003 s03-0619fidvalues.xls 
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^Battelle 
. Putting Technology To ̂ br  k 

Project Name Centredale Delivery Order 01, Task RI-8 
Project NumlMfr G487002-RI8A 

C l i  ̂  Sample ID LPX-SD-4205-0015-01 CMS-SD-4223KX)04-01 LPX-SD-4208-0011-01 LPX-SD-4207-0009-01 LPX-SD-4203-0012-01 

Battelle Sample ID T2334-D T23«}-D T2381-D T2364-D T2385-D 
Matrix Sedimer>t Sediment Sediment Sediment SedfTient 
Batch ID 03-0619 03-0619 03-0619 03-0619 03-0619 
Analytical Method 8100M e.^O(M 8100M 8100M 8100M 
Sequence SQFA003.S SQFA003.S SQFA0Q3.S SQFA003,S SQFA003.S 
Data File FA0065.D FA0067.D FA0071.D FA0073.D FA0077.D 
Collection Date 
Receipt Date 
Extraction Date 
Analysis Date 
Sample Weight (g) 

os/oa'os 
05/12/03 
07/16/03 
07/25/03 

3.66 

05/08/03 
05/12/03 
07/16/03 
07/25/03 

3.70 

05/07/03 
0&12/03 
07/16/03 
07/25/03 

4.48 

05/07/03 
05/12/03 
07/16/03 
07/2S/O3 

3.83 

05/08/03 
05/12/03 
07/16«)3 
07/2^03 

3.25 
PercBfA Moisture 63,52 63.12 55.21 63.16 SS.20 
PrVnary Dilution Factcff 
Secondary Dilution Factor 

10.53 
NA 

10.53 
NA 

7.02 
NA 

10.53 
NA 

5 ,  ̂  
NA 

PIV <p\) 1000 1000 1000 1000 1000 
Min Reporting Linit 2.88 2.85 1.57 2.75 1,80 
Concentration Units mg/kg mg/kq mg/kg mg/kg mg/kg 

n-C6 U U U U U 
n-C9 
n-CIO 

U 

u 
U 
U u 

u 
u 
u 

U 
U 

n-CII u U u u U 
n-C12 u U u u U 
n-C13 u U u u U 
Isoprenoid 1380 u u u u U 
n-C14 
Isoprenoid 1470 

u 
u 

u 
u 

u 
u 

u 
u 

U 
U 

^C15 u u u u u 
n-Cie u u u u u 
Isoprwroid 1650 
rv-Cl7 

u 
u 

u 
u 

u 
u 

u 
u 

u 
u 

Pristane u u u u u 
n-Cl8 u u u u u 
Phytane u u u u u 
n-C19 u u u u u 
n-C20 u u u u u 
n-C21 
r-C22 

u 
u 

u 
u 

u 
u 

u 
u 

u 
u 

n-C23 1.03 J O.BO J 0.65 J 0.59 J 0.52 J 
n-C24 u u U u U 
n-C25 2.48 J 1.39 J 1.43 J 2.22 J 0.97 J 
0-C26 U u U u u 
n-C27 15.05 7.22 7,69 3,24 5.07 
n-C28 U U U u U 
n-C29 15.81 9.31 8.75 16.26 3,70 
n-C30 U U U u U 
n-C31 11.96 6.69 5.65 10.97 2.65 
n-C32 U U U u U 
n-C33 5,16 2.21 J 2.46 4.00 2.91 
n.C34 U U U U U 
n-C35 5.42 4.12 2.67 4,11 1.27 J 
n-C36 U U U u U 
n-C37 2,26 J 1.3B J 1.29 J 2.19 J 0.99 J 
n-C38 U u U u U 
n-C39 0.50 J 0.35 J 0.31 J 0.56 J 0.26 J 
n-C40 U U U u U 
TPH 3177.36 2035,19 1640,95 2687,07 2369,15 

Sun^ate Recoveries (%) 
o-Terphenvi 94 91 92 93 67 

NA - Not applicable 
J - Result < Sample RL. 
U • Not Detected, 
N • Outside of DOO. 
n - Outskle of DQO, but meets contingency criteria. 

Not Surrogate Corrected 
Sample Results 9/8/2003 S03-0619f idvalues.xts 
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Attachment B 

(̂  High-Resolution Hydrocarbon Fingerprints 
(GC/FID) 
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F i l  e :
O p e r a t o r :
Acqr i i r ed :
I n s t r u m e n t :
Sample Name:
Misc I n f o :
V i a  l Number:

 F:\A\DATA\SQFAOD3.SEC\FA0O61.D 
 JAR 
 25 J u  l 2003 12 :04 pm u s i n g AcqMethod 
 FID 1 
 BC923PB 
 P r o c e d u r a l Blank 
 14 

;Response_ Signal: FA0061.D\Rb2B.CH" 

2800000 

2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 

800000 

600000 

400000 

200000 

I "I "' ' 
Time 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 65.00 

file://F:/A/DATA/SQFAOD3.SEC/FA0O61.D


File 

Operator 

Acquired 

Instrument 

Sample Name 

Misc Info 

Vial Number 


Response. 

3000000 


2800000 


2600000 


2400000 


2200000 


2000000 


1800000 


1600000 


1400000 


1200000 


1000000 


800000 


600000 


400000 


200000 


F:\A\DATA\SQFA003.SEC\FA0063.D 

JAR 

7-25-2003 01:25:02 PM using AcqMethod 


FID 1 

BC924LCS 

Laboratory Control Sample 

15 


Signal; FA0063.D\Flb2B:CH 


UU i
- p - T : r—T I i . 
Time 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 65.00 

file:///A/DATA/SQFA003


1 Wb^-xi ^% « 

File 

Operator 

Acquired 

Instrument 

Sample Name 

Misc Info 

Vial Number 


Response. 

750000 


700000 


650000 


800000 


550000 


500000 


450000 


400000 


350000 


300000 


250000 


200000 


150000 


F:\A\DATA\SQFA003.SEC\FA0065.D 

JAR 

7-25-2003 02:45:23 PM using AcqMethod 

FID 1 


T2334-D 

LPX-SD-4205-0015-01 

16 


100000 i,..,i I' M>' I v't-


Time 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40 .00 45.00 50.00 55.00 60.00 65.00 


file://F:/A/DATA/SQFA003.SEC/FA0065.D


File F:\A\DATA\SQFA003.SEC\FA0067.D 
Operator JAR 
Acquired 7-25 -2003 0 4 : 0 5 : 3 7 PM u s i n g AcqMethod 
Instrxoment FID 1 
Sample Name T2360-D 
Misc Info CMS-SD-4223-0004-01 
Vial Number 17 

Responsa_ Signal: FA0067.D\FID2B.CH 

500000 

450000 

400000 

350000 

300000 

250000 

200000 

150000 

100000 

Time 

• 4 


file://F:/A/DATA/SQFA003.SEC/FA0067.D
http:FA0067.D\FID2B.CH


m 1 


File F:\A\DATA\SQFA003.SEC\FA0069.D 
Operator JAR 
Acc[uired 7-25-2003 0 5 : 2 5 : 3 6 PM u s i n g AcqMethod 
Instrument FID 1 
Sample Name T2360MS-D 
Misc Info CMS-SD-4223-0004-01 
Vial Number 18 

:Response_ 

650000 

600000 

550000 

500000 

450000 

400000 

360000 

300000 

250000 

200000 

150000 

100000 xJJV 

Time 5.00 10.00 15.00 20.00 25.00 


Signal: FA0069.D\FID2B.CH 

u lu 
. 1 . 1 1 1 -T 1 r­

30.00 35.00 40.00 45.00 50.00 55.00 60.00 65.00 

file://F:/A/DATA/SQFA003.SEC/FA0069.D
http:FA0069.D\FID2B.CH


File : F:\A\DATA\SQFA003.SEC\FA0071.D 

Operator : JAR 

Acquired : 7-25-2003 06:45:45 PM using AcqMethod 

Instrument : FID 1 

Sample Name: T2361-D 

Misc Info : LPX-SD-4208-0011-01 

V i a  l Ntimber: 19 

'Response 
^50000" 

lOOOOOL 
- ] — . r—. , r 

Time 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 65.00 

t 


file://F:/A/DATA/SQFA003.SEC/FA0071.D


m ^ ttto«»- »..- ^mm f ^ v m 

File : F:\A\DATA\SQFA003.SEC\FA0073.D 

Operator ; JAR 

Acquired : 7-25-2003 08:05:33 PM using AcqMethod 

Instrument : FID 1 

Sample Name: T2364-D 

Misc Info : LPX-SD-4207-0009-01 

Vial Number: 20 


iResponse_ 


600000 


550000 


500000 


450000 


400000 


350000 


300000 


250000 


200000 


lOOOOOl 1_,.-JA-J^>'-'^ 
' " T ' • ' ' ' i • -. I r-

Ttme 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 65.00 

150000 

file://F:/A/DATA/SQFA003.SEC/FA0073.D


File : F:\A\DATA\SQFA003.SEC\FA0075.D 

Operator : JAR 

Acquired : 7-25-2003 09:25:21 PM using AcqMethod 

Instrument : FID 1 

Sample Name: T2364DUP-D 

Misc Info : LPX-SD-4207-0009-01 

V i a l Number: 21 

iResponse_ Signal: FA0d75.b\FiD2B.CH 
650000 

600000 

550000 

500000 

450000 

400000 

350000 

300000 

250000 

200000 

150000 

LL 100000 
'—r^—'"" ' "" '—r 

Time 0.00 15.00 5.00 10.00 

file://F:/A/DATA/SQFA003.SEC/FA0075.D
http:FA0d75.b\FiD2B.CH


m ttMi %B^^ ^ ^ n m * ^ m t 

File 

Operator 

Acquired 

Instrument 

Sample Name 

Misc Info 

Vial Number 


Response. 


850000 


800000 


750000 


700000 


650000 


600000 


550000 


500000 


450000 


400000 


350000 


300000 


250000 


200000 


150000 


F:\A\DATA\SQFA003.SEC\FA0077 . D 

JAR 

25 Jul 2003 10:44 pm using AcqMethod 

FID 1 


T2385-D 

LPX-SD-4203-0012-01 

22 


Signal: FA0077.D\FiD2B.CH 


.s*--A>lJ>« 
100000 
 •'r"i' • i'""|'-'t" 
4UT- -p-T-


Time 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 65.00 


file:///A/DATA/SQFA003
http:FA0077.D\FiD2B.CH
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PAH QA/QC SUMMARY 

QC Batch 03-0619 


PROJECT: 

PARAMETER: 

LABORATORY: 

MATRIX: 

SAMPLE 
CUSTODY: 

USAGE NAE Delivery Order #01 Centredale, Task RI-8 

PAH 

Battelle, Duxbury, MA 

Sediment 

Sediment samples were collected in the field from May 6-9, 2003. Samples arrived 
at Battelle Duxbury in one shipment and cooler temperatures ranged from 2.9 to 8.8 
°C. Receipt cooler temperatures for the five sediment samples selected for analysis 
were: 

T2360, T2361, and T2364 were received at 8.8 ''C; 

T2334 was received at 3.0 ""C; 

T2385 was received at 4.0 ^C. 


All samples were received in good condition. 

QA/QC MEASUREMENT PERFORMANCE CRITERU*: 

Reference Surrogate LCS/MS SRM Duplicate Control Oil 
Method Blank Recovery Recovery %Diff. Precision Precision 

PAH Battelle <ssRL'' 40-125% 40-120% <30% <30% RPD'' < 25% PD * 
SOP Recovery Recovery ̂  P D  ' 

5-157 


" ssRL = sample-specific reporting limit; Associated sample concentrations should be >5x blank values. 
'' For 90% of analytes; Analyte concentration in MS must be >5x background to be used for data quality assessment 
' For 90% of analytes; Analyte concentration in sample replicates must be >ssRL to be used for data quality assessment 
** From certified values and the passing criteria Irom variances generated using the range of certified values; using 
surrogate corrected data; certified values in SRM must be >ssRL to be used for data quality assessment 
" From the historical mean value measured for North Slope Crude oil sample. 

* Please note that the petroleum hydrocarbon assessment of selected sediment cores collected in May 2003 is 
outside the scope of Centredale Quality Assurance Project Plan (QAPP), therefore no project specific QA/QC 
criteria available. The laboratory default QA/QC criteria are used in this task. 

METHOD: Sediment samples were prepared and analyzed for TPH, alkanes, isoprenoids, PAHs 
and hopane following Battelle's Standard Operating Procedures (SOP). Briefly, 

Sediment Sample Preparation - Sediment samples were extracted for TPH, alkanes, 
isoprenoids, PAHs and hopane following Battelle Duxbury SOP 5-307, Soil/Sediment 
Extractionfor Petroleum Contaminant Analysis Using the Accelerated Solvent 
Extractor. Briefly, approximately 10 g of well-mixed, wet sediment material was 
weighed into an extraction vessel and spiked with the surrogate interna! standard (SIS) 
compounds. Next, the sample was extracted with dichloromethane (DCM) using 
Dionex™ ASE 200 Accelerated Solvent Extractor (1500 psi, lOO '̂C). The extract was 
dried over hydromatrix diatomaceous earth or sodium sulfate, concentrated to 
approximately 2 to 3 mL using Kuderna-Danish and nitrogen evaporation techniques. 
Sample extracts were treated with activated copper to remove elemental sulfur. The 
extract was then processed through an alumina cleanup column. Gravimetric analysis 
was performed for both pre-column and post-column extracts to estimate the dilution 
factor for the sample extracts. The extract was concentrated under nitrogen to 
approximately 1 mL, fortified with recovery internal standard (RIS) compounds that are 
used for quantification, and split for TPH/alkanes/isoprenoids and PAHs/hopane 
analyses by GC/FID and GC/MS. respectively. 

Page 1 of4 
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PAH QA/QC SUMMARY 

QC Batch 03-0619 


METHOD	 GC/MS Analysis - PAHs/hopane were analyzed by GC/MS (Hewlett Packard 6890) 
(cent): using a 60-m DB5 column and helium as the carrier gas. A minimum of a five-point 

calibration curve was used for PAH/hopane analysis, ranging from approximately 0.01 
to 10.0 |ig/mL. Concentrations of PAH/hopane were determined by the method of 
internal standards, using the RIS. All sediment results were reported in a microgram 
per kilogram dry-weight concentration basis (p,g/kg). 

HOLDING Samples were prepared for analysis in one analytical batch. Samples were extracted 
TIMES; and analyzed within holding times. Sediment samples were held frozen and in the dark 

until extraction. 

Batch Extraction Date Analysis Date 
03-0619 07/16/2003 07/24-25/2003 

DETECTION PAH results are reported relative to sample-specific reporting limits (ssRL) for that 
LIMITS: compound, as follows: 

•	 Non-detects are reported as "null" and U flagged. 
•	 Compounds detected at a concentration below the ssRL are reported and J 

flagged. 

Note that the ssRL is based on the low calibration standard and adjusted for sample 
specific processing factors and volumes. 

BLANKS: 	 A laboratory procedural blank (PB) was prepared with the analytical batch. Blanks are 
analyzed to ensure that the sample extraction and analysis methods were free of 
contamination. 

03-0619 - Naphthalene, CI-naphthalenes and C2-naphthalenes were detected in the 
procedural blank at values above the ssRL. 

Corrective Action - Concentrations of Naphthalene, Cl-naphthalenes and C2­
naphthalenes in the associated study samples are well above five times blank values, 
suggesting that laboratory contamination had minimal impact on sample values. 

LABORATORY 	 One laboratory control sample (LCS) was prepared with the analytical batch. The LCS 
CONTROL 	 was fortified with representative PAH to monitor data quality in terms of accuracy. 
SAMPLE 

03-0619 - No exceedances. 

LCS recoveries ranged from; 

PAH 

BC924LCS 52 -111% 


MATRIX 	 One matrix spike (MS) sample was prepared with the sediment batch to measure data 
SPIKES: 	 quality in terms of accuracy and precision. The MS was fortified with PAH to monitor 

data quality in terms of accuracy. 

03-0619 - 7 out of 23 PAHs were recovered outside the control limits (40-120%) in the 
MS. Of these, 4 met the contingency criteria. 

Recoveries ranged from: 

PAH 

T2360MS-D 38-137% 
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PAH QA/QC SUMMARY 

QC Batch 03-0619 


MATRIX SPIKE 
(CONT): 

SURROGATES: 
m 

m 
DUPLICATES: 

I 

CONTROL OIL: 

I 

I 


i 

I 

J 


Corrective Action - Four PAH were recovered above the upper control limit (120%) in 
the MS, however concenttations of these PAHs in the MS were less than five times 
background values, indicating that the MS was not fortified with high enough levels of 
these PAHs to accurately recover the PAHs relative to the background concentrations. 
Recovery data for these PAHs have been flagged with the "n" qualifier on the final 
report tables. 

Three other PAHs were also recovered outside the control limits (40-120%), including 
Decalin (38%), Perylene (131%), and Dibenz(a,h)anthracene (125%). Recovery data 
for these PAHs have been flagged with the "N" qualifier on the final report tables. QC 
results for Decalin, Perylene, and Dibenz(a,h)andu'acene were acceptable for the LCS 
and SRM; no further corrective action taken. 

Three PAH surrogate compounds were added to each sample prior to extraction, 
including Naphthalene-d8, Phenanthrene-dlO, and Chrysene-dl2. Recovery data were 
calculated to measure data quality in terms of accuracy (extraction efficiency). 

03-0619 - No exceedances. 

A laboratory duplicate was prepared with the batch. The relative percent difference 
(RPDs) between laboratory duplicate analyses for PAHs and hopane were calculated to 
measure data quality in terms of precision. 

03-0619 - All but one compound met the QC criteria. 

RPDs ranged from 1.9 to 31.5%. 

Corrective Action - C3-fluorenes was just slightly above the control limit in the 
duplicate (RPD = 31.5%). However, this single exceedance represented only 2% of the 
target PAH and the work plan allows for up to 10% of the PAH to exceed the control 
limits. No corrective action taken other than flagging the exceedance on the final report 
table. 

A North Slope Crude oil was prepared with the batch. The percent difference (PD) 
between measured and historical values was calculated to measure data quality in terms 
of accuracy. 

03-0619 - All but two compounds met the QC criteria. 

PDs ranged from 0.74 to 30.1%. 

Corrective Action - C2- and C3-chrysenes was just slightly above the control limit in 
the control oil sample (PD = 30.1 and 29%, respectively). The integration for these 
analytes was double checked to ensure the consistence and no error was noted. No 
corrective action taken other than flagging the exceedance on the final report table. 
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PAH QA/QC SUMMARY 

QC Batch 03-0619 


SRM: A standard reference material (SRM, NIST 1944) was prepared with the sediment 
analytical batch. The PD between detected concentrations and certified values was 
calculated to measure data quality in terms of accuracy. Note - if the detected value fell 
within the certified range, but the PD is > 30%, data will be qualified with "n". Also 
note that the SRM is certified for only 15 of the target compounds. 

03-0619 - No exceedances. 

PDs ranged from: 

PAH 

BC925SRM 1.6-32.6% 


Naphthalene was under-recovered in the SRM. Even so, this compound met the 
contingency criteria and is flagged with "n" qualifier accordingly. 
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OBaneife 
Protect Name Centredale Delivery Older 0 1 . Task RI-8 

• 

i 


i 


I 

I 


Proiecl Number G4a7002-R18A 

CUent Sarrple ID 

BattsHe Sample ID 
Matrix 
Batch ID 
AnatyUcal Method 
Sequence 
Data F ie 
CoHecttori Dale 
Receipt Date 
ExtiBctkDn Date 
Analysis Date 
Sample O y Wtighl (g) 
Percent Moisture 
Primary niut ion Factor 
Secondary Dilution Factor 
PIV toll 

Min Reporting Umlt 
Corv^entrabon Units 

Decalin 
Cl-Decatlns 
C2-Dacallns 
C3-Decallns 
C4-Decallna 
Benzo(b)lhiophene 
C1 -BenioCblthiopftenes 
C2-Benzo{ D)lh >opha r%es 
C3-BenzD( b)thkiphenes 
C4-Benzo( t))lhk]phenes 
Napfithalena 
Cl-Naph^alanas 
C2-Napr>lhalBr)BS 
C3-NaphihaleFie3 
C4-Naphthalenas 
6>pheny< 
Acenaphthylerie 
Acetiepnihene 
DiberuofiMan 
Ruorerw 
Cl-Fluorerws 
C2-Fluorer»s 
C3-Fluorene8 
Anthracene 
Phenanllirene 
C  I -Phenanthrenes/Anthracenes 
C2 - Phonaniii renes/Anthracenes 
C3- P henan Lhr e n as/Anth racenes 
C4-P henanlhf a nes/Anih racenea 
Ditjenzoihiophene 
C I • Ditjeniolh ioplianes 
02 - [>t)enzolh lopdenes 
C 3-Df tieniolhlophertBs 
C4 -DttMruolhiophenes 
FhJOcanlhene 
Pyrene 
C1 -Fluor anihenes/Pytenea 
C2-FliiotanlhanBB/Pyenes ' 
C 3- FH uor anir>enes'F'yTsr>e5 
Be nzol ajanl tiracen e 
Chrysef>B 
C1-Chryaenes 
C2-Chrv3ene8 
C3-Chry3enes 
C4-Chryaenes 
Benzol b| II uoranthene 
Benioiy k)lkioranlhe ne 
Berffofslpyrena 
Bervo{a]pyiene 
Parylene 
lndeno|1.2,3-c,d]pyrena 
Di t>enz[B, h)anlh(acene 
Be'izo[a,h,i]per>lene 
Hopane 

SurrooBle Recoveries (%) 
Naphthalene-dB
Phenaninrerie-dlO
ChrvBene-dl2

^4A - Not applicable 
J  . Result < Sample RL. 
U - Not Detected. 

Procedural Blank 

BC923PB 
SedimenI 

03-0619 
8270M 

SQB9W.S 
BS051.D 

NA 
NA 

07/1&03 
07/24TO 

4 
62.64 

1.00 
NA 

1000 
2.53 

U 

u 
M 
U 
u 
u 
u 
u 
u 
u

6.50 
a.42 
6.60 
2.11 J 

u
0.82 J 

U 
U 

0-23 J 
U 

u 
u 
u 
u

0.34 J 

u 
u 
u 
u

0.34 J 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

 88 
 77 

 98 

D - VahMS reported using secondary dliulkin factor. 

N - OulsicJe ot DOO. 

n • Outside of DQO. but meets contingency crlleria, 

ME • Sigrittteant matri i interference • Estimated value. 


J 

Not Surrogate Corrected 
PB Results a03-D619PAH,xls 



OBaneiie 
Project Name CenSedale Delivery Order 0 1 . Task Rl-B 
Protect NumDer G4«7002-RieA 

Client Sanvid ID Laboratory control Sample 

Battelle Sampki ID BC924LCS 
Matrix Sediment 
Batch ID D3-0619 
Analytical Method 8270M 
Sequence S06998.5 
Data File B805Z-D 
CoUecIion Date NA 
Receipt Dale NA 
Extraction Date 07/16'03 
Analysis Dale 07/24.™ 
Sample Dry Weighitla) NA 
Perceni Moisture NA 
Prlmaiy Dilution Factor 1.00 
Secondary DHutlon Factor NA 
PNijA) 1000 
Min Reporting Until NA 
ConcanlraUon Wits i Recovery a 

Decaiin 1076 562.73 52 
Cl-Deca!ins U 
CE-Decalins U 
C3-Decalins U 
C4-Decallns U 
Beii2o{ b)tfilopner>e 985 778.02 79 
C  I -Beri2D(b)inophertes U 
C2-Ben!0(b)(hioph8n« U 
C3-BwK0(b)(hic^)het>M U 
C4-Benzo(b1Ihiophene3 U 
Naphthalene 1002 779.41 78 
Cf-NaphBiaienes U 
C2-Naphthai<«nis u 
C3-NaptiifialencB u 
C4-N aplilh alenes u 
BIphenvl 1003 810.93 81 
Acenaphlfiytene 1002 742 SO 74 
Acenaphthene 1001 773.60 77 
Dibenzofuran 1000 823.97 82 
Fkjorene 1001 832,79 83 
d-Fluorenes U 
C2-Ruorenes U 
C3-Fluotenes u 
Anthracene 1002 877 03 8B 
Phenanthrene 1001 642.49 84 
C1 - Phenanthrenes/Anthracenes uCZ-Ptwnanlhrenea'ArMnracenes V 
C 3-Ptienanthrenoa'Aniliracenes u 
04- Phenanlhrenes/Anthracenes u 
DI benz othiop tte ns 1004 774.12 77 
C1 - Di beru Dthiophenes U 
C2- DibenzoihKiptienes U 
C3-Dlbenzottiiophenes U 
C4-Dibenzothlophenes u 
Fluoranthene 1001 91261 91 
Pyrene 1001 933.20 93 
C1 - Fiuormitherws/Pyrones U 
C2-Fliio[antf>Bnas/Pyrenes uCS-Rocrantherws/Pyreoes u 
Banzo{alantfvac«ne 1001 1005.97 101 

Chrysene IOCS 985.66 98 

Ct-Chrysenes U 

C2-ChrysBnes U 

C3-Chrysenes U 

C4-Chry9enes u 

B»izo{b)lluoranthene 1002 1075.84 107 

Banzajj/klfliKiranthene 1002 1018,52 102 

Benzo{a]pyrene 998 1019,71 loe 

BBnzo[a|pvrens 1001 1094.49 109 

Peryteoe 1000 1065.92 107 

Indenofi ,2,3-c.dlpytene 1002 1106.75 111 

Dil>enz|a, h]ant)vacene 1001 1111.15 111 

Benza(g ,h ,f]perylene 1002 1026.49 103 

Hopane U 


Surtooate Recoveries (%) 

Naphthalene-dB 86 

Phenanthrene-dlO 88 

Chr>sene-d12 105 


NA - Not applicaOla 

J - Result < Sample HL, 

U - Not Delected. 

D - Values reported using secondary dHuiion factor. 

N - Outside oi DQO. 

n - Outside of DQO, but meets contingency cdlerla. 

ME - Significanl matrix itiierferetice - Essmaied value. 


Nat Surrogate Corrected 
LCS Resurts B03<l619PAH,xl5 



OBatrene 
project Name Cenbedale Delivery Order 01, Task RI-8 
project Number G4B7002-RI8A 

CNsnt Sample ID CMS-SD-4223-0004-01 O^IS -SD-4223-0004-01 

Batttf le Swnple ID T23eO-D T23eOMS-D 
Matrix Sediment Sediment 
Batch ID 03-0619 03-0619 
Anatytical Method S270M 8270M 
Sequence SQB99aS SQB998.S 
Data File e805S.D BSOSe.D 
Collection Date 05nav3 O&O&OS 
HeceiplDale osiaro 05'12/a3 
Extractkm Date 07/16(03 07/16'03 
Analysis Date 07/24/03 07/Z5flD3 
Sample Dry Weight (g) 3,7 1.BB 
percent Moisture 63.12 63,12 
primary Dilution Factor 10,53 5,26 
Secondary Dilution Factor NA NA 
PiV (til) 1000 1000 
Min ReporVrtg Limit 28.73 28.27 
ComenfraVon Units FZ46 M>*0 Wt'kO % Recovery Q 

Decalin 10764 u 2173,08 38 N 
C1-Decalins u LI 
C2-DecBlins u U 
C3-Deca»ns u U 
C4-Deoallns u U 
Benz [>(b)ttiiDphene 9848 S-30J 3056.83 S8 
C1 •Ban7o{b)t»ophenas 10-78 J 113.00 
C2-BBrKo(b)tNoptMnes 10.65 J 9.16 J 
C3fienzo(b}thlophenes U U 
C4-Benzo{t>)lliiop>wies U u 
Napfitfialene 10015 102.67 3102.02 56 
Ci-Naphifialenes 60.50 4037.14 
C2-Naphihaianes 78.64 2107.81 
C3-Naphlhalenes 13027 2058.23 

i 
04-Naphthalenes 
Biphenyl 
Acenaphthylene 
Acenaphthene 

10030 
10015 
10010 

115.24 
58.07 

219,55 
72.57 

329.11 
3865.96 
3953,88 
3967,56 

71 
70 
73 

DH>anzDluran 10000 70.60 4411,71 82 
Fluorene 10005 10005 464S.98 85 
Cl-Fluorenes 60.44 78,90 
C2-Ruor6r>eS 101,76 124.03 

t t C3-Fliiorerjes 
AnttvacBfiB 10015 

103,35 
355.97 

173.13 
538321 94 

Pl)ananlhfana 10010 1733.98 6627.93 92 
C1 -Phenanthrenes/Anthracenes 793,60 4434-92 
C2-Phenanlhrenes/Anthracenes 78312 831.35 
C3-Phenanthrenes/Anihraoenes 456.45 554.90 
C4- Pbenanthrenes/Anthraceres 206.37 24016 
Dit>eruolhiophene 10036 99.56 4552.30 83 

C1 ­ Di b BDzoihiophenes 103,19 196.20 
02- Di benzotliiopherws 187.59 234.19 
C3- DI benzothiopfierws 197,41 232.08 

i 
C4-Oibenzothiopttenes 
Fluoranthene 
Pyrana 
C1 -Fluoranltienes/Pyranes 

10010 
1 » 1  0 

134,07 
4461,85 
3956,31 
1794,44 

188-89 
9679-91 
9452.67 
1898.08 

98 
103 

C2- Fluoranlhenes/PyienBS 1493,26 1614.62 
C 3-Fluoranttierws/Pyrenes 763.84 906-59 
Ben20[a^ihracer»s 10005 2147.28 B470.52 119 
CI«ysBr»e 1001S 3469,09 9428.01 112 
C1 -Ctirysenes 1341.51 1437.49 
C2-Chrysenas 736.11 839.50 
C3-Chrysenes 565-53 S3B.02 
C4-Chrys«ies U U 

•7t 
Benziji b]ll joranthene 
8enzoO/K]niJoranlt>ene 

10020 
10020 

^ 0 3 8  5 
M36.05 

11207.24 
10113.75 

137
118 

n 

Benzo{?)pyr8ne 9976 3311,77 10012 11 126 n 
8enza(a|pyTer)e 10005 3183.09 10266.59 133 n 

4 Perylene 
Iridenol 1.2.3-c,dJpyrerie 
Dibenz[a, M anthracene 

10002 
10015 
10010 

742.82 
3263.55 

6S3.BS 

769168 
10349.14 
7306,TD 

131
133
125

 N 
0 
N 

Benz 0(0 .h.ljpervtene 10020 2807.22 9106.57 118 
Hoparw 1163.40 1619.41 

i Sofrogaie Recovwtes (%) 
Naptithatena-dS 
phenanthrene-d 1D 

59 
87 

S8 
89 

i 
Cfiryseiia-dl2 

NA - Not aoplicable 
J • Result < Sample RL 

111 110 

U • Not Delected 
D • Values feported using secondary dllulion lactor. 
N • Outside of DQO. 
n-Outside ol DQO, but meets contingency crlleria, 
ME - Signticant matrix Interterence ­ Estimated value-

Net Surrogate Corrected 
Vt^V&D Results s03-0619PAH.xl8 

I 
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OBaneiie 

PrcfectKame Centredale DdlveiyOrderOl.Tasi iRt-B 
Prciecl Number G487002-niBA 

a ient Sample 10 NIST1944 

BatteOe Sample ID BC925SRM 
Matrix Sediment 
Batch ID 03^)619 
Analy«cal Method B270M 
Seqtience SCB998.S 
DalaRie B8053O 
Coileciion Date NA 
Receipt Date NA 
Exirastkin Dale 07n6na 
Analysis Date 0 7 f f i « S 
Sivnple Dry Weight (0) 1.08 
Percent M ^ ^ a M S 
Primary Dilution Factor 
Secondary Dilution Factor NA 
PiVtuI) 1000 
Mk) Reporting Limit 935 
Concentration Units NIST 1944 

Decalin 2S.81 
Cl-Docalins 53.23 
CZ-Decalins 62.16 
C3-Decalins 105,52 
C4-Decatins 61.90 
Banzo{ b)thk>phene 47.80 
C  I -Benzo(b )tf*)phenes 82,64 
C2-Benzo(b jthtophenes 78.64 
C3-Ben20(b)in ophanes 114,51 
C4-6enzo(b)ihkiphenes 15781 
Naphtfiaiene 1650 1112,63 32.6 
C1 -Napfiihalenes 691.98 
C2-NaphtlTaJeriaa 950.78 
C3-Naptittial e r>e£ 1345.B3 
C4-Naph(fialenes 1SO3.06 
Biphenyl 151.41 
Acenaphthylene 684,54 
Acenaphthene 255.10 
Dfeenzohiran 311-54 
Fluorene 358.01 
C1-Fkioref)es 571.56 
C2-Fluorenes 1163.B6 
C3-Ruorenes 2554,61 
Anthracene 1770 1394.63 21.2 48.6 
Phenanthrene 5270 4670,17 11.4 34.2 
C  I -Phenanttifenes/Anihraceries 6044.37 
CZ-Phenanitvenes/Anthracenos 5612.93 
C3-Phenantfuenes/Anlhracenes 4010.04 
C4-PhenanttHenes/Anlhracer^es 2016.18 
Dit>er)zotf>iapherw 650.79 
C t -Ditwnz otfilopfi enes 1619.99 
C2-Di benz ottiioo her es 2460.07 
C3- DI b6f\z othlophenes 2561.94 
C4-DibenzothHiphenes 1165.56 
Ruorantiiene 8920 8506.70 4,6 33,6 
Pyrene 9700 9392.97 3.2 34.3 
C1 -Fluoranthenes/Pyrenes 6926.76 
C2-RuorantheneaT*yrenes 546727 
CS-Ruoranthenes/Pyrenes 2935.51 
Senzoiaianthracene 4720 4130.84 12.5 32.3 
Owyseno 5900 506S.42 14.1 36.3 
Cl-Chrysenes 3924.52 
C2-Chrysenes 2223,27 

C3-Chrysenes 125658 

C4-Chrysenes 588.98 
Benzopi]) luoranthene 3070 3770.95 2.6 40.9 
BenzoO/kl fluorantfwne 4390 4243.70 3  3 44.6 
Benzo(e)pyrene 3280 3358.36 2.4 33.4 
Benio[alpvrene 4300 391121 9.0 33.0 
Perylene 1170 1017.03 13,1 50,5 
lnderio( 12,3-c,d] pyrare 2780 2624.62 1.6 33.6 
Dit>«nz[a. h)anthr acene 732,10 759 3.5 40,6 
Benzolg .h^lperylEfie 2550.17 2840 10.2 33,5 
Hopane 2710.95 

Surrogate Recoveries {%) 

Naphttialene-d8 54 

Pfienanthrene-dlO 87 

Ct>rysene-di2 113 


Chrysene value Is a comblnatiofl of Chryaena (cerflfled 4850) and Tfiphenylene (certified 1040). 

Dibenz(a,h)anlfTacenB is a combination of Dil]enz(a,h)anthracene (certilied 420) and DlbBnz(a,c)an1hracene (certiHed 335) 

NA - Not applicahle 

J - Result < Sample RL. 

U - Not Detected 

D - Values reported using secondary dilution factor. 

N - Outside of DQO. 

n - Outside of DOO, tiut iT>eets contingency crilena. 

ME - Slgnificaflt matrix interference • Estimated value 


Surrogate Corrected 
SRM Data 9/8/2003 s03-0619PAH,xls 



OBaiteue 
Project Name Centredale Delivery Ordar 01, Tart RI-8 
Pmttct Number G4a70O2-f<ieA 

a ien l Sample ID North SkipeCnide 

Batlells San^le ID F237 
Mabix Sediment 
Batch ID 03-0618 
Analytical Method 8270M 
SequerxM SQBBee.S 
Data File Be050,D 
CoHeclkin Dale HA 
Receipt Data HA 
Extraction Date NA 
Analysla Date 07/24/03 
Sample Diy Weight (g) NA 
Percent Moleiure NA 
Primary Dilirtkin Factor 1.00 
Secondary Dilution Factor NA 
PIV (Hi) NA 
Mki Rtvonlng Limit NA 
Concenlratian Units Averaoe NSC Values IffltSI %Dirfsrence O 

DacaUn 479,73 
Ct-Dacdins 777.68 
C2-DBoallna 738,02 
C3-Deca[ins 577,41 
C4-Deca!lr» 237.75 
Benzo(b)tNophetio 4.64 
C1 •Beruo(b)thloptiefiBa 31-SO 
C3-Benio (b)thk)pheneg 51.87 
C3-Banio(b) tlitcphenes 87-B7 
C4-6eiizo(b)1hioptienes 102.19 
Naphthalene 706 620.10 12.2 

4 
CI-NaphUialenes 
CS-Nviihaienes 
C3-Ni^halenes 

15ZD 
ISOO 
1430 

1261.13 
1641.84 
1076-26 

17.7 
18,8 
24.7 

CM-N«pl«ialene« BDO 629,98 21.2 
Sipharvl 211 190.76 9.58 

4 

4 
Acsnaphltiylene 
Acenaphthene 
DlliensifgrBn 
FlUtBBnB 
Cl-Fluorenes 

81,2 
223 

7.B4 
7.68 

^ . 3  6 
79,77 

201.51 
1.76 
9.63 

C2-Fiuorane5 342 291.67 14.7 
C3-Fluorenes 3a  i 266.18 17.8 
Anthracene 
Phannnltyretie S63 250.63 4.T 
C  I • PlierkBiittuenes/Aj^Uvacenee 560 485.03 13,4 
C2-Phenantliienea/Anl i)racenee 870 579.58 135 
C3-Phenanthrene3/Anliiracenes 471 418.34 11 
C4- Phenanthrenea/AnIliracenEB 176 164.53 6,52 
Oit'enzolhiop bene 215 196,39 8,66 
C1 -Dibenzoltiiopbenes 428 377 76 11.7 
CS-Ditierualhkiphenes 535 482 96 17.4 
CS-Diienzollitopbenes 487 420,78 13.6 
C4- Dit>enzo1hiopheiie3 232.73 
Ruoranihwie 3,81 
Pyrano 17.6 14.30 18.8 
Ci-FhnrMjthBnBs/Pyrenes 77 Jl 72.62 6.18 

d 
CB-FluoranthedBa/Py rones 
C3. Ruorarthenet^Pyrenea 
Benio [alanthraoenB 

131 
140 

130.03 
16B.B1 

2.12 

0,74 
13.4 

C*ry»ene 49.4 52,56 6,4 
Cl-Chrysonea 77.4 89,83 te. i 

i 
CZ-ClHyseiws 
C3-ChryieneB 
C4-CtvyMnes 
B«nzo[bIltuoraiittie[W 
Banzo[>'k|fluo ranttTene 

81.B 
82.2 
4S.B 
731 

i is .4  e 
106.02 
64.70 
a.38 

30,1
29

1S.4 
14.7 

N 
N 

Ben2D|a]pyrenB 13 14.89 1S.7 
B«molalp^iene 
Perylene 

d lndena(1.2.3-c,d)pyrene 
Dfcen^fa ,h]anHx»csne 
6»nzo(g ,h, i IperylenB 3.S9 

1.05 
3.78 283 

Hopane 134.32 

EPAPAH 1052.12 
Total P  W 1066911 

Surrogata Recovenaa <%) 
Naphthalene-de 98 
Phonanlhrei»-d 10 104 
Chiysene-d12 124 

r<A • Not app lk^ l  e 
J • ResuH < Sample RL. 
U - Not Deleclod. 
D - Values repotted using secondary diluticn factor. 
N - Oulskle of DQO. 

i 
n - 0\A^da of DQO, but meels contii^gency citleiia, 
ME - Stgntneam matrix ititerferenca - Eatimatad value. 
EPA PAH • Sum of EPA 16 priority P/Ws. 
Total PAH - Sum of P A H  E naphthalane through benzo((g.h,IIper/leno 

i 
Not Sunogala Conecled 
NSC Data B03-0619PAH,xla 

d 




OBaneue 
Project Name CentroOala Delivery Onim 01, Ta»k RI-8 
Project Number 6487002-RI8A 

aient Sample ID LPX-SD-421)7-0008-O1 LPX-SD-4207-0009-01 

8ait«Ha Sample ID T2364-D Tl3e4DUP'D 
Matrix Sediment Sediment 
Batch ID 03HM1B 03-0619 
Arolyliofl) Method e£7»il B270M 
Sequence SQB99e,S SQB996,S 
Data File Be058.D B8059.D 
Collectien Dale taflw/oa 05/D7/03 
Receipt Date oariz/o3 05/12/03 
Extraction Dale 07/la'03 07/16/03 
Analysis Date 07^5/03 07/25'03 
Sample Dry Weight (a) 3.83 3.72 
Percent Moiislurs 83.18 63.16 
Primary Dilution Factor 10.53 1053 
Secondary Dilution Factor UA NA 
PIV(^I) 1000 1000 
M n Reporting Limit 27,78 28-56 
Concenlratkm Units *r9*(l MQi^-a 

Decalin U u 
Cl-Decallns 27.86 ae.BS 
C2-Decalins U u 
C3-Dscallns U u 
C4-DecBllnE U u 
Baruo(b]lhiophero S.47J 6.60 J 
C1 -BBnzo{b)thiophenea 11.94 J 12.20 J 
C2-Benzo(b) thiophenes U 9.48 J 
C3-Banze(b)lhiophene3 
C4-BBnzc(b)thiD phenes u 

u 
U 
U 

Napmhalene 110,07 124.11 
CI-NaphthBlene* 49,17 58,71 
CH-Napb1halene» 104,86 130.44 
C3-NaphUiaienes 142.70 168.81 
C4-Naphlhaienes 145.53 186.50 
Blphertyi 23.70 J 31.58 
AcenaphlhyJene 2SS-59 337,72 
Acetiaphltiene 1B8.41 221.65 
Dibenzofurar 186.04 200.80 
Fluorene 412.66 488-16 
Cl-Fhioranes 147.42 185-02 
C2-Fluo(wie6 205.60 2SS.13 
Ca-Fiuorenes 243.73 334-84 
Anthracene SS0.46 1033,06 
Phenanthrene 5765.72 6966.83 
CI ­ PhenanlhrensB/Anf hracenes 1735.24 2143.85 
C2 -PtienanthrenesZ/^thracenea 1190.09 1473.27 
C3-Phananthrenea/ArthrBcenea 75301 937.80 
C4-PbenanthrBnea/ArttirncBne5 426.27 549.08 
DRianzothk>phene 293.00 K6.96 
CI -Dibenzothiophenes 192.10 241.38 
C2 -DIbenzothiophones 282.09 376,68 
C3- Dibenzothiophenes 975.45 488.58 
C4-DlbonzoiNtH*ene8 289.74 368.60 
Fhnranthene 13321.36 16483.62 
Pyrena 10928.48 13076.54 
Ct -Fluoranftiones/Pyrenoe 47ra,63 5678.66 
C2- Flooianttienea/Pyrenea 2780.37 3357.35 
C3- Fluora nl hanea/ PytEoes 1283.08 1600.51 
Bonzo|a]anlhiacene 5338,32 eosi.es 
Chfysene 8344,93 9852.54 
Cl-Chrysenes 2857.12 »)44.45 
CS-Owyseoea 1218.27 f400.9f 
C3-Chrysanes 1001.84 1021.32 
C4-Chry3erea U u 
Benzo[b]tl joranlhene 8613,46 8979.91 
Bervo[j/k]1luoranthenB 8186 46 9824 87 
Ben!o[e)pyrere 6238.55 797718 
Benzo[a]pyrere 7675.79 eS£4,07 
Perylene 1785,27 2014.43 
Irrfanoil ,2,3-c,d)pyrenB 6298.4S 7487 80 
Dibenz[a,h)ar1liracena 1188.04­ 1420.08 
Banzo[g,li,i]perylene 531SJJ0 6335.20 
Hopane 1658.48 2187.68 

EPAPAH 83073 24 98520.81 
Total PAH 1116B9.B6 132513.38 

Surragate Racovedes (%) 
Naphtltalane-de 59 60 
Phenanlhrene-dlO 88 89 
Cbiysens-dlS I I  S 114 

KA - Not applicable 
J • Result < Sample FIL. 
U - Nol Oelectad. 
D - Values reported using secondary dilution factor, 
N - Outside ot DOO. 

n - Outaida of DQO, but meets contingency crlleria. 

hIE - Signilicani matrix interlerence - Estimated value. 

EPA PAH - Sum ot EPA 16 priority PAHs. 

Tolal PAH • Sum of PAHs naphthalene through benzo([g,h,l}peiyl«ie. 


RPD 

8.8 

189 
2-1 

12,0 
17,7 
21.7 
16,6 
24,7 
2B.S 
27.7 
11,1 
177 
17-0 
22.6 
21,5 
31.5 
19.4 
18,0 
21.0 
21.3 
21.9 
24.7 
19.7 
22,7 
25.3 
28.2 
24.4 
18.0 
17.9 
17.3 
18.8 
22.0 
13.0 
16 6 
13.6 
f3.9 
1.9 

14,7 
1B.4 
18,7 
13.9 
12.1 
17.0 
17.B 
17.4 
27.4 

Q 

N 

m 

m 

Not Surrojale Ooirected 
DupUcate Data sO3-0619PAHjtls 



OBaneue 
Projoci Name Centredale Deltvory Order 01, Task Rl-a 
Project Numlwr e487002-RI8A 

(aent Sami^B ID LPX-SD-4205-0015-01 CMS-SD-4223K1004-01 LPX-SD-4208-0011-01 LPX-SD^07-OOOefll LPX-MM203-001Z-01 

BattetiB Sample ID T2334-D T2360-D 12361-D T2364-D T23S5-D 
Matrix Sediment Sediment Sediment Sediment Sediment 
Batch ID 03-0619 03-0619 03-0619 03-0619 03-0619 
Analytical MeOwd e270M 8270M 8Z70M 827DM e270M 
Sequence 3Q6996S 80B998.S SOB09B.S SQB998.S SQB98e,S 
Data File B8054.D Be055.D BB057.D Q605S.D BaOBO.D 
Coileciion Data 05/08/03 f&m»03 <S'07/O3 osiffrioa O5/0S'O3 
Recent Dats 05/12/03 0&12/03 Cffi/S2/03 05/12/03 05/1E/03 
Extinction Dale 07/16/03 07/18/03 07/16/03 07/16103 07/1 aros 
/knslyais Dale 
Sample Dry Welghi |g) 

07/24/03 
3.66 

07/24/03 
3.70 

07/25/03 
4,48 

07/25/03 
3.83 

07/25fO3 
3,25 

Poroenl Moisture 63,52 93.12 55.21 83.18 88,20 
Primary Dilution Factor 
SoDOndary Dilution Factor 

loss 
NA 

1053 
KA 

7.(E 
NA 

10.53 
HA 

5.85 
NA 

V300 1000 1000 1000 1000 
Min Reporting Limit 29.05 28.73 15,82 27.78 18,17 
Cor)centration Units pglkg «ft*! l nanin fofka fd'kf i 

« Dacalin U U u u M 
C I -DeCDliitB 
C2-Decalins 
C3-Decalins 
C4-DecalinB 
Bonzo (b)tliiophere 

u 
u 
u 
u 

8.70 J 

U 
U 
V 
V 

5.30 J 

u 
u 
u 
u 

7.02 J 

27,86 
U 
U 
U 

5.47 J 

18.35 
U 
U 
U 

6.86 J 
C I •Benzo(b)thk>pl>enes 16.53 J 10.78 J 9,07 J 11,94 J 11,31 J 
C2-8enzo(b}^ioplker>eB 
C3-Bonzo(b)(hiophenes 

U 
U 

10.85 J 
U 

8.02 J 
9 87 J 

U 
U u u 

C4-BenzD(h)thkiphenes u U U u U 
Naplithidens 158.58 102-87 88.02 110,07 97.96 
CI-NaphtrialenoB 58.00 60.50 44.93 49.17 S4.66 
CE-NaphtlialeneB 148.46 78.84 BO. 13 104.88 100,68 
C3-Naphtlialenee 175.61 130,27 69.85 142.70 125.97 
C4-Naphthalenes 178.20 115.24 92.26 145.53 126,85 
Bfiheriyl 63.83 58.07 34.78 23.70 J 40,69 
Acenaphth^ene 360.86 219.55 197.02 255.59 264,51 
Acenaphtttene 144.57 72.57 101.53 198.41 83,79 

4 
{)t)e<i2ofuran 
Ruorena 
01 -Fluorenes 

148,68 
288,32 
146.75 

70.80 
100.05 
60.44 

82.36 
149.03 
65,50 

168-04 
412.68 
147.42 

83.13 
113.09 
101.13 

C2-Fluorenes 231.20 10178 119.82 205.80 153.18 
C3-Fluorene5 270,91 103.35 145.15 243.73 203.39 
Anthracerw 744.13 355.97 435.19 850.46 382.67 
Pt^enanlhrene 3866.69 1733.88 1798.72 5755.72 1047,57 

m Ct •Plienanlhrenes//*ii1firaoanBS 
C2-Prienanlhrenes//>ntriracenes 

1544,88 
1278.87 

793.60 
763,12 

836.24 
689.40 

1735.24 
1180.09 

766.34 
769,04 

CS-Piieranihrenea/AntlirBcenes 910.71 456.45 460.84 753.01 587.52 
G4 -Pliananlhrene5//\nthraceno5 S19.3B 206.37 255.93 428,27 395,64 
Ofcenzothtop liena 210.93 99.58 126.42 283.00 107,46 
C I -Dibenzotlilophanes 196.68 103.19 107.61 18210 133,11 
C2-Dibenzoink3pheneB 290.04 187.59 163.18 282.09 181,25 

m C3-Dibenzotliiophenea 
C4-Dibenzothiopbenes 

420.85 
341.34 

197.41 
134.07 

195.47 
183.49 

375.45 
288.74 

246,63 
252.51 

Fluoranlhene 9283.84 4461.85 Eiaa.6D 13621,36 3020.62 
Pyrene 8111.B7 3M6.31 44^.83 1(^6 ,49 2973.KI 
CI -Ruoranllwnea' Py rer>es 4103.81 1794.44 2223.07 4772,53 1893.74 
C2-F!uorflntr»ne4/PyrenBS 2786.48 1493.26 1516.95 2780,37 1365.42 
CS-Fluoianthenaa'Fy ranea 1486.03 763.84 761,10 1283,03 919.61 
Bonzo jalBnthroceoe 4248.32 2147.28 2377.65 5338,32 1571,32 
Chrysene 6568.62 3469.09 3457.03 8344,93 2397.21 
C1-Cfwy<er»s 2820,05 1341.51 1538.80 2657,12 1398.53 
C2-onryMrw8 
C3-Qiryaenes 
C4-Chryaenea 
Barvcjbjf I LioranEhere 

1333.42 
973.54 

U 
8978.50 

73S.11 
565.53 

U 
3903.86 

743.10 
547.21 

U 
3870.85 

1219,27 
1001,84 

U 
8613.46 

esa.oe 
609.89 

U 
2828.74 

Benzojp'klfluoranthene 
BenzD[e^ierw 

7062,81 
seai.ee 

3836.05 
3311.77 

3731.58 
3061.81 

B166.46 
6238.55 

2578.98 
2294.32 

Bmzo[a)pyrene 8235.00 3183.09 3473.13 7675.79 2421.86 
Perytene 1569.66 742.82 908.52 1785.27 1215.09 

4 
IndoKojl ,2,3-c,d]pyrene 
Dibanz{a, hjanthtacffiie 
Benzo[g,li,IJperylene 

6622.14 
1153.22 
4810,82 

3263.55 
653.86 

2807,22 

3054.83 
605.37 

2642.55 

6288.49 
1188.04 
5318.00 

2133.82 
454.59 

1857.04 
Hc^ane 2517.48 1163.40 1221.68 1669.46 1934,83 

EPAPAH 65387.60 34266.94 35801-51 83073.24 24105.07 

i 
Total PAH 

Surrogate Recoveries (%) 
Naptithalene-dB 

93227.94 

57 

48756.47 

5S 

60678.30 

58 

111568.98 

59 

3M6e,05 

64 
Phenanlhrene-dIO 90 87 89 B8 83 
Ctiryaone-d12 l i  s 111 115 115 111 

4 NA -1^1 applicable 
J - Result c Sample RL 
U - Not Delect ed 
D - Values reported using secondary dPutlori lactOT. 
N - OulsidB ot DQO 
n - OLTlsidect DtX), but meets contingency criteria, 
ME - S!g>iifk»int matrix inteHerancB - Estimated v^us . 
EPA PAH - Sum of EPA 16 priority PAHs. 
Total PAH - Sum ol PAHs naphthalene through b«izo([g,h,l)peiyleT>a. 

HOI Surragate Corrected 

Sample Results B03^)6f9PAH.xl» 


4 

http://seai.ee
http://73S.11
http:B03^)6f9PAH.xl
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Attachment D 

Detailed PAH Histograms (GC/MS/SIM) m 

m 

m 

m 

m 

m 

m 
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Attachment E 

Triterpane Fingerprints (GC/MS/SIM) 

m 

m 



^ H f e Alkylated PAH Overview^j^Baiteuea T o c f i n o l o a y 7fc> V^^orit 
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Sample ID: H^ Battelle Alkylated PAH Overview 
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llBaneiie 
• ^  ̂  P u t t i n g Toctwto/ogy To tA^ortt 
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Alkylated PAH Overview 
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<1^ Battelle Alkylated PAH Overview'^ ts^ 
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File I:\B\DATA\SQB998\B8051.D 
Operator JAR 
Acquired 24 Jul 2003 5:00 pm using AcqMethod CENTRE 
Instrument GCMS2 
Sample Name BC923PB 
Misc Info Procedural Blank 
Vial Number 11 

file:///B/DATA/SQB998/B8051


File I:\B\DATA\SQB9 98\B8052.D 
Operator JAR 
Acquired 24 Jul 2003 6:25 pm using AcqMethod CENTRE 
Instrument GCMS2 
Sample Name BC924LCS 
Misc
Vial

 Info 
 Number 

Laboratory control
12 

 Sample 

file:///B/DATA/SQB9
file://98/B8052.D


•m • 

File I:\B\DATA\SQB998\BB053.D 
Operator JAR 
Acquired 24 J u  l 2 0 0  3 7 : 5  0 pm u s i n  g A c q M e t h o  d CENTRE 
Instrument GCMS2 
Sample Name BC925SRM 
Misc Info N I S  T 1 9 4  4 
Vial Number 1  3 

Abundance 

150000 

140000 

130000 

120000 

110000 

100000 

90000 

80000 

70000 

60000 

50000 

40000 

30000 

20000 

10000 

0 

Ion 191.00 (190.70 to 191.70): B8053.D 

\KJ lAiwj LT-VUAVIA 

Time-> 39.00 40.00 41.00 42^00 43.00 44.00 45.00 46.00 47.00 48.00 49.00 50.00 51.00 52.00 53.00 54.00 55.00 56.00 57.00 58.00 59.00 60.00 61.00 62.00 63.00 64.00 65.00 66.00 67.00 68.00 

file:///B/DATA/SQB998/BB053.D


File I:\B\DATA\SQB998\B8056.D 
Operator JAR 
Acquired 25 Jul 2003 12:04 am using AcqMethod CENTRE 
Instrument GCMS2 
Sample Name T2360MS-D 
Misc Info CMS-SD-4 22 3-0 004-01 
Vial Number 16 

V 


file:///B/DATA/SQB998/B8056.D


t •k 

File : I:\B\DATA\SQB998\B8054.D 

Operator : JAR 

Acquired : 24 Jul 2003 9:14 pm using AcqMethod CENTRE 

Instrument : GCMS2 

Sample Name: T2334-D 

Misc Info : LPX-SD-4205-0015-01 

V i a  l N u m b e r : 14 

Abundance Ion 191.00 {190.70 to 191.70): B8054.D 

40000 

35000 

30000 
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20000 

15000 

10000 

W  ̂  V *vw..,,.*ijV,^ 
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0 -T-p-r-TT-p I ' ' ' ' i ' ' ' ' I ' ' ' ' I - | - T - , - . r - | ,-,-T-r- T"' ' ' ' I ' ' •  ' r ' • ' T ' ' " • [ ' ' ' ' 1 ' ' '  ' I ' ' ' ' ! ' ' • ' I ' ' ' ' i 

frime-> 39.00 40.00 41 iOO 42.00 43.00 44.00 45.00 46.00 47.00 48.00 49.00 50.00 51.00 52.00 53.00 54.00 55.00 56.00 57.00 58.00 59.00 60.00 61.00 62.00 63!00 64.00 65.00 66.00 67.00 68.00 

file:///B/DATA/SQB998/B8054


File I:\B\DATA\SQB998\B8055.D 
Operator JAR 
Acquired 24 Jul 2003 10:40 pm using AcqMethod CENTRE 
Instrument GCMS2 
Sample Name T2360-D 
Misc Info CMS-SD-4223-0004-01 
Vial Number 15 

i f 


file:///B/DATA/SQB998/B8055.D


I • m f 


File 

Operator 

Acquired 

Instrument 

Sample Name 

Misc Info 

Vial Number 


Abundance 

38000 
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30000 
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22000 


20000 


18000 


16000 


14000 


12000 


10000 


8000 


6000 


4000 


2000 Jm^y^ 

I:\B\DATA\SQB998\B8057.D 
JAR 
2  5 J u  l 2 0 0  3 1 : 2  8 am u s i n  g A c q M e t h o  d CENTRE 

GCMS2 
T 2 3 6 1 - D 
L P X - S D - 4 2 0 8 - 0 0 1 1 - 0  1 
1  7 

Ion 191.00 (190.70 to 191.70): B8057.D 

^'**•-^*«^V'/M-AJwlvA^^^^^ 

Tinne-> 39!00 40.00 41.00 42.0043.00 44.00 45.00 46.00 47.00 48.00 49.00 50.00 51.00 52.00 53.00 54.00 55.00 56.00 57.00 58.00 59.00 60.00 61.00 62,00 63.00 64.00 65.00 66.0067.0068.00 

file:///B/DATA/SQB998/B8057
http:66.0067.0068.00
http:42.0043.00


File : I:\B\DATA\SQB998\B8058.D 

Operator : JAR 

Acquired : 25 Jul 2003 2:53 am using AcqMethod CENTRE 

Instrument : GCMS2 

Sample Name: T2364-D 

Misc Info : LPX-SD-4207-0009-01 

Vial Number: 18 
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File : I:\B\DATA\SQB998\B8059.D 

O p e r a t o r : JAR 

A c q u i r e d : 25 Jul 2003 4:17 am using AcqMethod CENTRE 

I n s t r ument : GCMS2 

S a m p l e N a m e : T 2 3 6 4 D U P - D 

M i s c Info : L P X - S D - 4 2 0 7 - 0 0 0 9 - 0 1 

V i a l N u m b e r : 19 


Abundance Ion 191.00 (190.70 to 191.70); B8059.D 
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File I:\B\DATA\SQB998\B8060.D 
Operator JAR 
Acquired 2  5 J u  l 2 0 0  3 5 : 4  2 am u s i n  g A c q M e t h o  d CENTRE 
Instrument GCMS2 
Sample Name T 2 3 8 5 - D 
Misc Info L P X - S D - 4 2 0 3 - 0 0 1 2 - 0  1 
Vial Number 2  0 

Abundance ion 191.00 (190.70 to 191.70): B8060.D 
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Attachment F 


Total Organic Carbon 


(from Centredale Task RI-8 Sediment 

Investigation; pre-third party validated) 
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Project Name: Centredale Delivery Order 01, Task RI-8 

CMS-SD-4223-0004-01 


LPX-SD^203-0012-01 


LPX-SD-4205-0015-01 


LPX-SD-4207-0009-01 


LPX-SD-4208-0011-01 
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