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3.0 METHODOLOGY 
 
3.1 Field Methods 
 
Sampling and handling procedures followed those described in prior program reports (KLI, 1994a; 1995a; 1996a; 
1997a; 1998; 1999; and 2000).  Intertidal mussel samples were collected using a stratified random sampling 
design as depicted in Figure 11.  Each transect was divided into three zones (0-10 m, 11-20 m, and 21-30 m), and 
one replicate of a minimum of 30 individual mussels (Mytilus trossulus, formerly M. edulis) was collected from 
within each of these zones using random numbers to determine placement.  Due to lack of tissue material in some 
prior surveys, additional mussels were collected at some sites where the mussels were smaller to ensure sufficient 
material for chemical analysis. Up to 60 mussels may have been collected for each replicate.  Additional mussels 
were collected from each transect for gonadal index determination.  
 
Subtidal sediment collection was performed using a modified Van Veen grab as described in earlier program 
reports.  Three discrete replicate sediment samples of surficial sediment (0 - 2 cm) were collected from the grab at 
the two Port Valdez stations (AMT-S and GOC-S) during winter and summer surveys in 2000 and 2001.  
Sediment samples were not collected during the October surveys. 
 
Sample documentation followed procedures outlined in prior program reports and included the use of project-
specific log forms, labels, and chain of custody forms.  Sample identification and integrity were ensured by a 
rigidly-enforced chain of custody program.  
 
Navigation and station location included the use of nautical charts and a global positioning system (GPS).  A 
hand-held GPS was used to obtain the coordinates of intertidal stations when possible.  A differential GPS system 
(DGPS) was used whenever possible after March 2000 to accurately document the location of the subtidal 
sediment sampling sites in Port Valdez.  Differential GPS was not typically used for the intertidal stations, which 
were permanently marked. In addition, the curtailing of the selective availability feature (which decreased the 
accuracy of the GPS coordinates for national security reasons) in the United States after May 2000 resulted in 
increased accuracy of the non-differential GPS coordinate system. 
 
The M/V Auklet out of Cordova was used for sampling within PWS.  Stations in the Gulf of Alaska were sampled 
from a float plane chartered through Jim Air or Great Northern Air Guides, both located in Anchorage.  
 
3.2 Analytical Methods 
 
Tissue samples were analyzed for PAH, AHC, and lipid content.  In addition to the tissue samples designated for 
chemical analysis, a separate sample of mussels was collected at each station for the determination of gonadal 
index. Subtidal sediment samples were analyzed for PAH, AHC, PGS, and TOC.  With the exception of gonadal 
index which was determined in the field or at KLI’s Anchorage office, all samples were analyzed at the 
Geochemical and Environmental Research Group (GERG) of Texas A&M University.   
 
Sample receipt, preparation, and analyses followed procedures outlined in earlier program reports and described 
by GERG Standard Operating Procedures (SOPs; Table 3).  New SOP numbers provided in the table generally 
reflect revision of the old SOPs to include more detail, with little substantive changes to the methods.  
 
3.2.1 Sample Preparation and Percent Moisture Determination 
 
Tissue samples arrived at the laboratory whole and were rinsed with reagent water to remove extraneous material 
as necessary.  Mussels were shucked and dissected with solvent-rinsed tools.  Tissue was homogenized using a 
Tekmar Tissumizer®.  A 1 - 5 gram (g) aliquot of tissue was removed and weighed for percent moisture 
determination (GERG SOP-9415).  After drying at 50° C, the tissue was reweighed and percent moisture 
calculated.  Remaining tissue material was stored in the dark at -20° C.   
 



Top of
Mussel Band

Band of Heaviest
Mussel Growth

Bottom of
Mussel Band

MLLW

30 m

0 m

Transect

10 m

20 m

UPPER
INTERTIDAL

ZONE

UPPER
INTERTIDAL

ZONE

MIDDLE
INTERTIDAL

ZONE

LOWER
INTERTIDAL ZONE

LOWER
INTERTIDAL ZONE

7

12

25

Figure 11. Diagram of LTEMP Intertidal Mussel Sampling Design with Example Replicates at 7, 12, and 25 Meters.

STN

STN

Station Marker 1

Station Marker 2

Transect Marker 1

Rep 1

Rep 2

Transect Marker 2

Rep 3

P
W

S
R

C
A

C
2
0
0
0

-
2
0
0
2

L
T

E
M

P
M

o
n
ito

rin
g

R
ep

o
rt

-
9
5
1
.4

3
1
.0

3
0
4
1
5
.A

n
n
u
a
lL

T
2
0
0
2
.p

d
f

P
ag

e
1
8

KINNETIC

LABORATORIES

INCORPORATED



PWS RCAC 2000 – 2002 LTEMP Monitoring Report - 951.431.030415.AnnualLT2002.pdf Page 19 

Table 3. List of Applicable Geochemical and Environmental Research Group Standard Operating 
Procedures used for the 2000 - 2002 LTEMP.  

 
 
Procedure 

 
GERG SOP No. 

 
Sample receipt/sample preparation  

 
SOP-9225 

 
Percent moisture determination (tissue) 

 
SOP-9415 (replaces SOP-8903) 

 
Percent moisture determination (sediment) 

 
SOP-9712  

(replaces SOP-8902 and SOP-9419) 
 
Extraction of tissue for hydrocarbon analysis 

 
SOP-9807 (replaces SOP-8903) 

Silica/alumina chromatography purification of tissues, AHC and 
PAH SOP-9720 

Gel permeation chromatography purification of tissues, PAH 
only SOP-9724 
 
Extraction of sediment for hydrocarbon analysis 

 
SOP-9804 (replaces SOP-8902) 

Alumina chromatography purification of sediments, AHC and 
PAH SOP-9721 

Polycyclic aromatic hydrocarbon determination 
 

SOP-9733 
 (replaces SOP-8905 and SOP-9406) 

 
Aliphatic hydrocarbon determination 

 
SOP-8904 

 
Weighing lipids (percent lipid determination) 

 
SOP-9727 

(replaces SOP-9231 and SOP-9414) 
 
Particle grain size analysis 

 
SOP-8908 

 
Total organic carbon analysis 

 
SOP-9730 (replaces SOP-8907) 

 
 
Sediment samples designated for PAH/AHC/TOC analysis were thoroughly homogenized by stirring with a clean 
stainless steel or Teflon® utensil, and representative subsamples were then removed as required for the individual 
analyses.  An aliquot (≈1 g wet weight) for dry weight determination was removed, weighed, freeze-dried, and 
reweighed to determine percent moisture (GERG SOP-9712).  A 30 g wet weight aliquot for PAH/AHC analysis 
was placed in a labeled pre-combusted jar for chemical drying with sodium sulfate until the sample was dry, free-
flowing, and homogeneous. Remaining sediment was also dried for archival.   
 
Sediment samples designated for particle grain size analysis were homogenized and subsampled prior to analysis 
(GERG SOP-8908).  Excess PGS sediment was archived at 4° C.  
 
Just prior to extraction, all hydrocarbon samples and quality control samples were spiked with surrogate solutions. 
The PAH surrogate solution contained naphthalene-d8, acenaphthene-d10, phenanthrene-d10, chrysene-d12, and 
perylene-d12.  The PAH surrogate solution was added to each sample in the amount of 40 nanograms (ng) per 
sample for tissue and sediment matrices.  The surrogate solution for AHC analysis was comprised of deuterated n-
alkanes with 12, 20, 24, and 30 carbons.  A total of 2 micrograms (µg) of AHC surrogate solution was added to 
each sample before extraction for tissue and sediment matrices. 
 
3.2.2 Tissue Extraction Procedures 
 
Extraction of tissue samples followed procedures outlined in GERG SOP-9807.  Approximately 5 g (wet weight) 
of tissue was homogenized and then macerated in 100 milliliters (mL) of methylene chloride and 50 g of sodium 
sulfate for chemical drying.  The sample was then concentrated to 2.0 mL and purified to remove non-
hydrocarbon material using a combination of EPA Methods 3611 and 3630 (US EPA, 1986), alumina/silica 
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3.2.7 Gonadal Index Determination 
 
Reproductive state of the mussels was determined for a discrete sample of 20 individual mussels collected from 
each station during each survey.  For each individual mussel collected, four separate measurements were 
obtained: shell length, shell volume, weight of gonadal tissue, and weight of non-gonadal tissue (excluding byssal 
threads).  After dissection of the bivalves, shell length was measured using metric calipers and recorded to the 
nearest millimeter (mm).  Shell volumes were calculated by measuring the amount of water required to fill the 
shell and recorded to the nearest 0.1 mL.  Weights of gonadal and non-gonadal tissue were determined using a 
Ohaus Scout II® Model SC2020 electronic balance and recorded with precision of 0.01 g.  After all individual 
mussels had been measured, gonadal tissue from all individuals was pooled for the measurement of total gonad 
volume, which was accomplished by measuring the volume of displacement in a graduated cylinder.  Non-
gonadal tissue was pooled and measured in the same manner. Each total volume measurement was recorded to the 
nearest 0.5 mL.  In addition to these measurements, visual observations concerning shell characteristics, gonad or 
body appearance, or other distinguishing factors were recorded as appropriate.   
 
3.2.8 Particle Grain Size Determination 
 
The determination of PGS was performed using a method adapted from Folk (1974), as described by GERG SOP-
8908.  Sediment samples were homogenized and a subsample of 15 - 20 g removed for analysis.  The subsample 
was treated with 30 percent hydrogen peroxide for 12 hours to oxidize organic matter and washed with distilled 
water to remove soluble salts.  After the addition of dispersant and shaking for approximately 24 hours, this 
sediment solution was sieved to separate the gravel/sand fraction from the silt/clay fraction.  Dry-sieve techniques 
were used to determine the sand and gravel fractions.  Silt and clay fractions were determined by a pipetting 
technique.  Results were reported in percent (%) gravel, sand, silt, and clay on a dry weight basis.  
 
3.2.9 Total Organic Carbon Analysis 
 
Total organic carbon analysis was performed as described by GERG SOP-9730 using a 500-mg aliquot of freeze-
dried sediment.   This recent SOP describes quality control procedures more fully than the previously-used GERG 
SOP-8907. The sediment was placed in an induction furnace designed to burn samples in an oxygen atmosphere. 
Gases produced by the combustion were processed and put through an infrared detector for quantification of 
carbon dioxide.  Total organic carbon was determined after sample acidification.  Carbonate carbon (inorganic 
carbon) was determined as the difference between total carbon and total organic carbon.  Results were reported in 
percent TOC and percent total inorganic carbon (TIC, or carbonate carbon) on a dry weight basis. 
 
3.3 Data Management and Analysis 
 
3.3.1 Data Management 
 
Data handling and management followed procedures outlined in prior LTEMP reports.  The LTEMP data reside 
in a relational database consisting of eleven tables in Microsoft Access® (Table 6).  This relational database was 
used for all aspects of data storage, error checking, and reporting.  Microsoft Excel® was also used for data entry, 
data verification, and calculation of summary statistics.   
 
3.3.2 Statistical Design 
 
As indicated in prior LTEMP reports, the program was designed to determine baseline conditions and help 
identify potential future impacts of oil transportation in the study area.  It was also designed to provide sufficient 
data to test three null hypotheses addressing differences in chemical and physical characteristics among sampling 
sites and through time.  The initial program applied statistics to test these hypotheses, and the results were 
reported in annual reports.  More recent work on the program (1994 - 2000) has placed emphasis on the collection 
of more data rather than the statistical testing of those data.  In addition, a separate program was performed in 
1998 to evaluate the 1993 – 1997 LTEMP data and apply statistical testing (Payne et al., 1998). 
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Individual CPI ratios ranged from 0.0 to 1710 during this reporting period.  The mean CPI ratios ranged from 0.9 
(Station SHH-B) to 16.2 (Station AMT-B) in July 2000 (Table 17).   In March 2001, mean CPI values ranged 
from 1.7 (Station AMT-B) to 572 (Station SHH-B, due to non-detect concentrations in one replicate).   Discarding 
this outlier, the range was 1.7 to 13.0.  Mean CPI ratios ranged from 0.4 (Station AMT-B) to 279 (Station AIB-B) 
for the July 2001 sampling, with the anomalously high value again attributed to non-detect concentrations 
prevalent in one replicate.  The range without that outlier was 0.4 to 3.3.  During March 2002, the mean CPI 
ranged from 5.3 (Station SHB-B) to 9.7 (Station AMT-B).  During the October 2000 sampling, the mean CPI 
values were 3.3 and 4.7 for Stations AMT-B and GOC-B, respectively.  October 2001 showed lower mean values 
at 0.8 and 2.1 for the two respective Port Valdez stations.   
 
 
Table 17. LTEMP Tissue CPI Results for July 2000 through March 2002. 
 

CPI (ratio) 
Survey 17 (July 2000) Survey 18 (October 2000) Survey 19 (March 2001) Station 

Rep. 1 Rep. 2 Rep. 3 Mean Rep. 1 Rep. 2 Rep. 3 Mean Rep. 1 Rep. 2 Rep. 3 Mean 
  AIB-B 14.5 15.8 9.7 13.3 NC NC NC NC 4.4 5.0 2.5 4.0 
  AMT-B 21.7 14.9 12.1 16.2 1.8 1.3 6.7 3.3 1.8 1.9 1.4 1.7 
  DII-B 1.4 1.3 1.3 1.3 NC NC NC NC 2.4 3.3 1.4 2.4 
  GOC-B 17.6 11.5 14.7 14.6 7.3 4.9 1.9 4.7 3.4 8.1 4.5 5.4 
  KNH-B 1.5 1.2 1.3 1.3 NC NC NC NC 4.0 2.8 3.0 3.3 
  SHB-B 1.2 1.9 1.2 1.5 NC NC NC NC 5.6 NC 7.8 6.7 
  SHH-B 0.8 0.9 1.1 0.9 NC NC NC NC 4.9 1.2 1710 572 
  SLB-B 2.7 1.7 1.5 2.0 NC NC NC NC 4.2 1.3 1.7 2.4 
  WIB-B 0.7 0.8 10.4 4.0 NC NC NC NC 8.2 16.1 14.7 13.0 
  ZAB-B 1.3 1.2 1.3 1.3 NC NC NC NC 2.6 2.2 7.0 3.9 

CPI (ratio) 
Survey 20 (July 2001) Survey 21 (October 2001) Survey 22 (March 2002) Station 

Rep. 1 Rep. 2 Rep. 3 Mean Rep. 1 Rep. 2 Rep. 3 Mean Rep. 1 Rep. 2 Rep. 3 Mean 
  AIB-B 837 0.5 0.4 279 NC NC NC NC 6.6 5.4 5.6 5.9 
  AMT-B 0.0 0.7 0.5 0.4 0.6 1.3 0.4 0.8 9.9 8.2 11.1 9.7 
  DII-B 0.4 0.4 0.6 0.5 NC NC NC NC 4.7 6.3 5.8 5.6 
  GOC-B 0.7 1.6 7.6 3.3 1.4 3.5 1.5 2.1 7.2 8.7 7.1 7.7 
  KNH-B 0.9 0.9 1.7 1.2 NC NC NC NC 9.7 8.9 9.1 9.2 
  SHB-B 1.0 2.2 2.5 1.9 NC NC NC NC 6.4 2.8 6.6 5.3 
  SHH-B 1.1 1.4 0.7 1.1 NC NC NC NC 7.5 5.9 5.4 6.3 
  SLB-B 1.0 1.0 2.2 1.4 NC NC NC NC 8.7 8.8 8.0 8.5 
  WIB-B 2.9 2.7 1.1 2.3 NC NC NC NC 9.1 3.6 9.9 7.5 
  ZAB-B 0.8 1.3 0.6 0.9 NC NC NC NC 7.3 8.1 8.6 8.0 
NC Not Collected 
 
 
The CRUDE index values as defined in Table 7 were calculated although these values are not particularly helpful 
in assessing the petrogenic fraction of the hydrocarbons seen in the tissues.  That is, the index does not provide 
any real new information due to the predominance of the AHC term in the calculation, which masks differences in 
the PAH and UCM terms that would normally be more indicative of source.  Because the AHC values reported 
for tissues are so elevated with respect to the PAH and UCM values, and because they are so subject to lipid and 
plant material interference, this index is not very useful for assessing hydrocarbon source in tissues.   
 
The mean CRUDE index values ranged from 445 (Station GOC-B) to 26,026 (Station WIB-B) for July 2000 
(Table 18).  In March 2001, mean CRUDE values ranged from 173 (Station WIB-B) to 3,721 (Station AMT-B).   
Mean CRUDE ratios ranged from 3,885 to approximately 1.5 billion (1.51E+09) for Stations WIB-B and AMT-B, 
respectively, during July 2001.  This high value reflects the anomalous CPI resulting from non-detect AHC values 
for this station.  Discarding this outlier, the maximum mean value encountered in July 2001 was 67,787 at Station 
DII-B.  During March 2002, the mean CRUDE ranged from 575 (Station SLB-B) to 1,905 (Station SHB-B).   














































































