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Abstract
The global carbon cycle in the ocean is closely associated with dissolved oxygen in the surface ocean. Phytoplankton produce oxygen, and the oxygen in the atmosphere and surface seawater diffuses down to the seafloor. Dead phytoplankton, at the same time, contribute to respiration in the bottom water, consuming the bottom water oxygen (BWO). In this study, palmitic acid (C16:0) commonly found in autotrophic and heterotrophic organisms are examined to find out its relationship to the BWO. Surface sediment samples and dissolved oxygen samples were obtained in the seafloors of Saanich Inlet, BC and Hood Canal, WA. Winkler titration and Gas Chromatography- Mass Spectrometry (GC-MS) methods were conducted on the samples. Our results demonstrate that palmitic acid preservation is more efficient with increasing BWO in Hood Canal. It is suggested that sedimentation rate, presence of benthic organism, population of bacteria, and aggregation of organic carbon have more influence on the preservation of C16:0 in sediment than the available BWO directly above the seafloor. If a correlation between BWO and the preservation of palmitic acid is found from surface seafloor samples, its regression line could be used to reconstruct BWO in the past. It would require sediment cores containing palmitic acid preserved in the past, which may provide clues on how organic carbon made its way into the sediment in the past.














Introduction

Understanding the carbon cycle between the atmosphere and ocean in the Earth’s history has been one of the biggest objectives in oceanography and climate science. Organic carbon and oxygen are produced by phytoplankton during photosynthesis. Bottom Water Oxygen concentration (BWO) is influenced by the air-sea oxygen exchange and respiration. The carbon cycle in the ocean is closely related to the respiration in the deep ocean, since BWO is consumed during microbial respiration, converting organic carbon to dissolved inorganic carbon. The amount of oxygen consumed in the deep ocean through respiration is dependent on the available amount of carbon transported from atmosphere by biological pump. Various biomarkers such as lipids or fatty acids in phytoplankton have been studied to reconstruct the BWO in the past, further relating to the global carbon cycle (Shankle et al. 2002).  In this study, the relationship between palmitic acid in sediment and BWO will be examined in order to achieve the first step to reconstruct the BWO in the past.
Phytoplankton play a key role in supplying organic material to marine basins (Bordovskiy 1965b). Most of the phytoplankton get consumed by zooplankton, but small fraction of them die naturally and sink to the seafloor (Bordovskiy 1965b). As the dead phytoplankton travel down in the water with a sinking rate of 80-1920 m per day, bacteria decompose the organic matter (Vinogradov 1961; Bordovskiy 1965b). Especially in shallow coastal margins, high productivity leads to more transport of organic matter to the sediment. As a result, although continental margins only take up ~10 % of the seafloor, ~90% of organic matter burial in the ocean occurs in the continental margins (Berner 1982; Sun and Wakeham 1999). Large amount of organic matter transport to the seafloor increases the consumption of dissolved oxygen in the bottom water, leading in some cases to anoxic water and sediment in high-productivity coastal margins. 
The type of lipid biomarker examined in this study is palmitic acid (C16:0). Palmitic acid is one of the most common fatty acids found in phytoplankton and zooplankton. Palmitic acid is a major component of fatty acids in shallow waters of the Gulf of Mexico (Bordovskiy 1965b).  However, C16:0 decreases sharply at depths greater than 1000m while consisting ~ 28 % of fatty acids in surface water of the ocean in Gulf of Mexico (Bordovskiy 1965b; Slowey et al. 1962). The decrease in palmitic acid in deep waters may represent long exposure time to oxygen, leading to high degradation (Slowey et al. 1962). Palmitic acid in the tropical North Pacific Ocean at 1500m depth has a relative abundance of fatty acid percentage greater than 20 % (Wakeham and Canuel 1988). Palmitic acid was also found to be one of the most abundant fatty acids in the Equatorial Pacific Ocean (Sheridan et al. 2002). The motivation of examining palmitic acid concentration is because palmitic acid is found in both heterotrophic and autotrophic organisms, so it would reflect the biological detritus from all organisms. The other reason is because the depths of the waters in study stations are mostly shallower than 1000m, and it would represent the effect of degradation from the available BWO. In other words, the water samples might have high concentration of palmitic acid in seawater because it is shallow, but at the same time, anoxic water might degrade palmitic acid at a slower rate, leaving more palmitic acid in sediments of poorly oxygenated water. 
It is controversial if significant amount of organic matter could be contained in sediment because organic matter could be decomposed before they reach the bottom (Bordovskiy 1965a). Bordovsky suggested that the empty shells of phytoplankton without organic matter could accumulated in the seafloor after its remineralization in the water column (Bordovskiy 1965a). However, previous studies found that lipids degrade much slower in anoxic waters than oxic waters because bacteria do not remineralize lipids as efficient under anoxic conditions (Sun et al. 2002). Woulds et al. (2009) suggested that the BWO controlled the concentration of refractory pigment in Pakistan margin. Neira et al. (2001) suggested that there is a negative correlation between chloroplastic pigment and the BWO in the oxygen minimum zone in the southeastern Pacific. Levin et al (1991) found that the organic carbon % and chlorophyll-a had greater concentrations when the BWO was low in eastern tropical Pacific. It is likely that palmitic acid will follow a similar trend, since it is a type of fatty acid produced in phytoplankton.
The locations where the sediments were collected are Saanich Inlet, north of Victoria in BC, and Hood Canal, WA. Both inlets are formed by glacial erosion and experience hypoxia (or anoxia in Saanich Inlet) especially after spring phytoplankton bloom. Hypoxia refers to oxygen concentration less than 1.4 ml/L, while anoxia refers to oxygen concentration of 0 ml/L (Diaz and Rosenberg 1995). Sannich Inlet has maximum depth of ~225 m with ~24 km length while the maximum depth of Hood Canal is 185 m with ~95 km length (Fisheries and Oceans of Canada. 2009; Bax 1983). The depths of Saanich Inlet and Hood Canal cover a wide range of depths, which might represent wide range of BWO. BWO is dependent on the seafloor depth since oxygen is diffused from the atmosphere gas exchange and the end product of photosynthesis in the surface ocean. It is expected to see low concentration of BWO where the seafloor is relatively deep, whereas shallow regions would have high BWO.
According to the previous CTD data retrieved from course website and Fisheries and Oceans Canada website, Saanich Inlet has less than ~2 mL/L of BWO in winter (Fisheries and Oceans of Canada 2009).  Hood Canal, on the other hand, has relatively higher BWO (~3.5 mL/L) in winter (Warner et al. 2001). The purpose of collecting samples in both Saanich Inlet and Hood Canal is so that the plot includes wide range of oxygen concentrations in both hypoxic Hood Canal and anoxic Saanich Inlet. The hypthetical plot (BWO vs C16:0/TOC) will be generated with more accuracy if there is a gradual range of BWO, thus using higher and lower BWO and studying their fatty acid:TOC ratios from both sites is ideal. The reason for dividing the amount of fatty acid to TOC is to normalize the amount of palmitic acid to the TOC. TOC in sediment represent organic carbon input from biological pump, and the amount of organic carbon input may vary in different sites. TOC not only includes organic carbon from the respiration through the consumption of BWO, but also organic carbon input from biological pump. Since palmitic acid is included in the TOC, it is essential to find the ratio between the two, in order to estimate the amount of the palmitic acid preserved during the consumption of BWO. 
It is hypothesized that the lower BWO in the Saanich Inlet would result in higher concentration of palmitic acid than those of the Hood Canal. Greater oxygen deficiency in bottom waters of Saanich Inlet is expected to slow the rate of palmitic acid decomposition, leaving a higher concentration of palmitic acid in the sediment. If a correlation between BWO and palmitic acid:TOC is found, palmitic acid concentrations in sediment cores may be further used to reconstruct the BWO in the past. Not only reconstructing the BWO of the past, BWO vs palmitic acid concentration plot can be applied to study the carbon transport by biological pump from the atmosphere to the bottom of the ocean today. The amount of BWO respired above the seafloor is directly related to the amount of CO2 produced by microbes during remineralization. Thus, this study will also provide a better understanding of the biological carbon sequestration that occurs throughout the water column and directly above the seafloor.

Methods
Sampling Methods
The research cruise to Sannich Inlet and Hood Canal took place in mid-January of 2018.  Sampling locations are shown in Table 1, Figure 1 and 2. The locations were chosen to include a wide spectrum of depths in each inlet/canal, since different depths would represent various values of BWO.
 
	Sample Label
	Latitude ( N)
	Longitude ( W)
	Station Depth (m)

	Saanich Inlet

	SI-01
	48.6336
	-123.5001
	204

	SI-02
	48.6498
	-123.5117
	182

	SI-03
	48.6649
	-123.5167
	148

	SI-04
	48.6700
	-123.5167
	120

	SI-05
	48.6732
	-123.5165
	105

	SI-06
	48.6817
	-123.5165
	84

	SI-07
	48.6934
	-123.5182
	70

	
Hood Canal

	HC-01
	47.8913
	-122.5971
	110

	HC-02
	47.735
	-122.7534
	115

	HC-04
	47.6615
	-122.8622
	144

	HC-05
	47.6064
	-122.9412
	181

	HC-07
	47.4887
	-123.0578
	162

	HC-08
	47.4206
	-123.1127
	128

	HC-09
	47.37111
	-123.1300
	81.4



Table 1. Locations of sediment and oxygen sampling. SI refers to Saanich Inlet and HC refers to Hood Canal locations. Sampling locations were determined based on the BWO and depth, in order to cover a wide range of each.
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Figure 1. Saanich Inlet sediment and dissolved oxygen sampling locations.
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Figure 2. Hood Canal sediment and dissolved oxygen sampling locations.
The surface sediment samples were obtained by Shipeck grabs. Once recovered from the water to the deck, smooth sediment surfaces from Shipeck grabs were carefully placed into sampling bags. This is to ensure that the samples were in contact with bottom water, so that they reflect palmitic acid content varied by bottom water oxygen concentration. Once the bags were sealed, they were kept in walk-in fridge onboard then transported to another fridge on shore at temperature ~ 4C.  
	Water samples were collected for oxygen concentration analysis in CTD Niskin bottles. Water samples were collected at locations SI01, SI03, and HC01-HC09 (Appendix 2-4).  At SI01, the bottles were fired at 196m, 180m, 120m, 100, 80, 65m depths. At SI03, the bottles were fired at 134m, 120, 100, 80, 65m depths. At HC01-09, the bottles are fired as close to the seafloor as the CTD can reach (usually ~5m above the seafloor), to ensure that the water samples reflect BWO, and the actual depths are indicated in Table 2. 

	sample label
	station depth (m)
	Depth where BWO was analyzed

	SI-01
	204
	original CTD O2 at 196 m at SI01

	SI-02
	182
	used 180 m depth O2 data from SI01

	SI-03
	148
	original CTD O2 at 134 m at SI03

	SI-04
	120
	used 120 m depth O2 data from SI01 and SI03

	SI-05
	105
	used 100 m and 110 m depth O2 data from SI01 and SI03

	SI-06
	84
	used 80 m depth O2 data from SI01 and SI03

	SI-07
	70
	used 65 m depth O2 data from SI01 and SI03

	

	HC-01
	110
	original site CTD O2 at depth 105 m

	HC-02
	115
	original site CTD O2 at depth 112 m

	HC-04
	144
	original site CTD O2 at depth 135 m

	HC-05
	181
	original site CTD O2 at depth 171 m

	HC-07
	162
	original site CTD O2 at depth 150 m

	HC-08
	128
	original site CTD O2 at depth 115 m

	HC-09
	81.4
	original site CTD O2 at depth 72 m


Table 2. BWO depth. Comparison between the actual seafloor depth of the station, and the depth at which some dissolved oxygen (DO) bottles were used to represent the BWO. For example, DO bottles collected at 100 m and 110m depth from SI01 and SI03 sites were used to represent BWO at SI05, which had similar station depths to SI05. DO values from 100 m and 110 m were then averaged to estimate the BWO at 105m depth of SI05. DO values were obtained by averaging the DO values obtained at same depths by Winkler titration.

Laboratory Methods
Oxygen Data
Standard Winkler titration method was used (Codispoti 1988) and 2-3 oxygen bottles were analyzed per each depth. In Hood Canal samples, the oxygen concentration values from two or three bottles collected at original sites were averaged. However, due to lack of ship time, water samples were collected only at SI01 and SI03 in Saanich Inlet. Since water samples were collected at every 10 m at these two sites, O2 data at each depth were used to relate the palmitic acid at locations other than SI01 and SI03. For example, depth to the seafloor at SI02 was 182 m, so O2 data from SI01’s depth of 180m was matched with palmitic acid concentration at SI02 when plotting BWO vs C16:0/TOC. Using BWO oxygen data from other SI01 and SI03 for all other Saanich Inlet locations is acceptable because all the locations were in close vicinity (within ~5 miles).
Palmitic Acid Concentration
	Approximately 25-30 g of wet sediment were transferred into glass vials and freeze-dried overnight. Then ~1g of finely ground sediment was loaded into ASE cells, while another 1g of the homogenized sediment samples were sent to UW Forestry Lab for total organic carbon analysis. 20 uL of recovery standard, C21:0 fatty acid was added in the ASE cell as well, to calculate how much of the palmitic acid was lost during the lab procedures like transferring into different vials and pipetting. The amount of palmitic acid was normalized to the ratio of the remaining recovery standard.  Palmitic acid was extracted in 9:1 dichloromethane: methanol, then the half of the lipid extract was used. Fatty acid extraction, saponification in KOH/methanol, methylation, and gas chromatography-mass spectrometry procedures were reproduced from the methods used in Sachs et al. 2016. 
Data Evaluation
From GC-MS, the amount of saturated palmitic acid (C16:0), mono-unsaturated palmitic acid (C16:1), oleic acid (C18:n), and recovery standard (C21:0, fatty acid) in each sample were obtained and normalized to the weight of sediment in the ASE cells, which was measured before extracting fatty acids. The amount of palmitic acid was corrected based on the remaining recovery standard. Since half of the fatty acid extract was used, the amount of the palmitic acid was multiplied by two, in order to estimate how much palmitic acid was contained in ~1g of sediment in each sample. The corrected C16:0 was divided by TOC. The reason for division is to normalize the amount of palmitic acid to the TOC, so that the effect of varied amount of palmitic acid input is diminished, and the preservation of the fatty acid is represented. Lastly, a calibration curve between BWO and C16:0/TOC was plotted with standard error bars, and the correlation was examined using p- values on StatPlus.

Results
	The station depth, average BWO, TOC weight, and C16:0 weight are shown in Table 3. The amount of C16:1, C18, and recovery standard (fatty acid, C21:0) are shown in Appendix 1. Bottom water oxygen concentration (BWO) at sites SI01(maximum Saanich Inlet depth) and SI03 were completely anoxic, and sites SI04, SI02, and SI05 (in increasing order) had less than 0.1 mL/L BWO (Table 3). At relatively shallow depths (84 m and 70 m) of the Saanich Inlet, BWO ranged from 3.41 to 4.28 mL/L. At Hood Canal sites, BWO ranged from 2.26 -5.00 mL/L, with the lowest BWO in the shallowest Hood Canal depth (81.40 m) at site HC09.  The highest BWO were found in depths between 110-115 m at sites HC01 and HC02, while depths in between 144-181 m had BWO in between 2.82-2.93 mL/L. In general, Saanich Inlet had lower BWO than Hood Canal in similar depths. For example, at 181 m of HC04, BWO was 2.93 mL/L while BWO at 182 m of SI02 was 0.0235 mL/L. At 148 m of SI03, BWO was 0 mL/L while BWO at 144 m of HC04 was 2.93 mL/L. An exception of the general trend is made at shallow depths; at SI06 and SI07 which had depths of 84 m and 70 m respectively, BWOs were of 3.41 and 4.28 mL/L. These values are higher than that of HC09 (2.26 mL/L) which had a depth of 81.4 m. 
	Total Organic Carbon weight in Saanich Inlet had the most amount (0.0142 g) in the site of maximum depths (SI01, 204m) (Table 3).  At the depth of 182m (SI02), the TOC weight was similar as SI01. The TOC weight ranged from 0.127-0.129 g at depths of 105-148 m, however, TOC weight was greater at depth 120m than those at depths 148 and 105 m, which had similar TOC weights around 0.128 g. At Hood Canal sites, the maximum TOC weight was found at HC07, which had a depth of 162 m. The TOC weight was the lowest at intermediate depths of Hood Canal; for instance, at 110 m and 115m, the TOC weights were 0.00126 g and 0.00520 g, respectively. At depths in between 81.4- 181m, the TOC weights were approximately 0.01g, however, there was no direct correlation in between depth and the amount of TOC weight. 
At maximum depths of Saanich Inlet (204m) and Hood Canal (181m), the TOC weights were similar (0.0142 g and 0.0130 g respectively). However, at shallow depths of Saanich Inlet sites (70m and 84 m), the TOC weight was 0.00821-0.00870 g while the Hood Canal site at 81.4 m had TOC weight of 0.0119 g. 
	The amount of saturated palmitic acid (C16:0) in Saanich Inlet was greater in deeper depths: maximum C16:0 weight of 18.9 ug at 204m depth, and a minimum C16:0 weight of 4.00 ug at 70 m depth (Table 3). An exception of this trend was found at depth of 120m, which had 15.3 ug of C16:0, similar to that of the site SI02 with depth of 182 m. The amount of C16:0 in Hood Canal was greatest at 162 m, which was the second- deepest site. The lowest amount of C16:0 in Hood Canal was found at the station depth of 110m (HC01), and the TOC weight was the also lowest at this station. 
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Table 3. BWO, Palmitic acid, and TOC Table. At greater depths of Saanich sites, the BWO is lower than those of sites with shallower depths. At Saanich sites, the amount of C16:0 is greater at deeper depths, while Hood Canal sites do not necessarily have greater amounts of C16:0 at greater depths.

	On Figure 3, C16:0/TOC in the Saanich Inlet and Hood Canal are plotted with varied BWO. In Saanich Inlet, stations with lower BWO showed higher C16:0/TOC, and the regression line had a slope of -0.0001. However, in the Hood Canal sites, higher BWO was associated with higher C16:0/TOC, showing a regression line with a slope of 0.0002. P-values less than 0.05 in regression lines represent statistical significance. The p-value of BWO vs C16:0/TOC in the Saanich Inlet was 0.124, which means higher C16:0/TOC is not significantly correlated with the amount of dissolved oxygen in the bottom water. However, the p-value of BWO vs C16:0/TOC in the Hood Canal was 0.0127, which shows that there is a significant correlation between greater BWO and higher C16:0/TOC. The p-values associated with Figures 3-7 are also shown in Table 4.
	On Figure 4, the weight of TOC in the Saanich Inlet and Hood Canal was plotted with varied BWO. Both of the sites showed that there is less amount of TOC in more oxic bottom waters. The slope of the regression line in Saanich Inlet sites (-0.0013) was less than that of Hood Canal (-0.0021). The p-value of BWO vs TOC regression line in the Saanich Inlet was 0.00216, while the Hood Canal’s regression line had p- value of 0.0219. It is concluded that there is a statistically significant correlation between greater amount of TOC and anoxic bottom waters. 
	On Figure 5, C16:0/TOC was plotted with varied depths in the Saanich and Hood Canal sites. In the Saanich Inlet, higher C16:0/TOC were found at greater depths, while lower C16:0/TOC were found at greater depths in the Hood Canal. The p-value of the Saanich Inlet regression line was 0.119, and the p-value of the Hood Canal regression line was 0.707. Since neither of these regression lines are statistically significant, depth vs C16:0 lines were plotted on Figure 6 to see if there is any difference. Although both regression lines of the Saanich Inlet and Hood Canal showed positive correlations, the p-values were 0.0688 and 0.0818 in the Saanich inlet and Hood Canal regression lines, respectively. Although the weight of C16:0 may seem to have a positive correlation with depth at both sites, the p-values still represent statistical insignificance between station depths and C16:0 weight. 
	On Figure 7, the relationship between the weight of TOC and C16:0 is shown. Both in the Saanich Inlet and Hood Canal, the weight of C16:0 is higher when the weight of TOC is higher. However, this relationship is statistically significant in only Saanich Inlet regression line because it has a p-value of 0.0151 while Hood Canal regression line has a p-value of 0.0981. Additionally, the amount of C21:0 fatty acid recovered in each of the samples during GC-MS is shown in appendix 1. The SI01sample had a recovery percentage of 34%, and HC01 had a recovery percentage of with 58 %. Other samples had recovery percentages in between ~70-84 %. It is possible that the errors in C16:0 data may come from losing C16:0 when transferring fatty acid extracts into different vials during laboratory procedure. The laboratory errors may affect the p-values of the regression lines, leading to statistical insignificance. 
	On Figure 3-7, an additional trendline per each plot is shown, called “Combined.” This trendline used combined data from both SI and HC sites, in order to assess regression lines representing wide ranges of depth, BWO, and TOC weight values. P-values were examined in these regression lines as well, and the correlations were statistically significant in plots BWO vs. TOC weight, TOC weight vs C:16:0 weight (Table 4).  The greater the BWO, the less amount of TOC weight, as shown on Figure 4 with a p-value of 0.00126. The greater TOC in the sediment, the more C16:0 is contained in the sediment, as shown in Figure 7.
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Table 4. P-values. P- values representing statistical significance are shown in bold. “Both sites” refers to one regression line consisting of both dataset from Hood Canal and Saanich Inlet. Palmitic:TOC refers to C16:0/TOC, and “Palmitic” refers to the weight of C16:0. For depth vs palmitic p-values, C16:0 weight in ug were selected , because using weight in g resulted in error on StatPlus.


Figure 3. BWO vs C16:0/TOC. Standard error bars for each x and y values are shown in plots (for the rest of the plots as well). “Combined” refers to a single data set which consists of both HC and SI data. Statistical significance is found in the regression line of Hood Canal. 



Figure 4. BWO vs TOC weight. Regression lines of Saanich Inlet, Hood Canal, and Combined show negative correlations between BWO and TOC weight, with a statistical significance.  Top equation, R2, and p-value= Saanich Inlet, Middle= Hood Canal, Bottom= Combined

Figure 5. Depth vs C16:0/TOC. Statistical significance is found in none of the regression lines on the plot. The plots also shows two correlations that do not agree with one another- C16:0/TOC increases with depth in Saanich Inlet while those of HC decreases with depth. 


Figure 6. Depth vs. C16:0 Weight. None of the regression lines have statistical significance, however, all the regression lines have positive correlations between depth and C16:0 weight.

Figure 7. TOC Weight vs C16:0 Weight. All the regression lines show a positive correlation between TOC and C16:0 weight, however, the regression lines of Saanich Inlet and Combined demonstrate statistical significance. 
Discussion
Summary of Regressions with Statistical Significance
Among all the comparisons of data sets mentioned above, three site-specific plots were statistically significant: BWO vs C16:0/TOC in the Hood Canal, BWO vs TOC in Saanich Inlet, and Hood Canal, and TOC vs C16:0 in Saanich Inlet. Plots of BWO vs TOC and TOC vs C16:0 indicated statistical significance in Saanich Inlet and combined data (SI+HC samples). 
Evaluating Hypothesis
The hypothesis discussed in the introduction predicted relatively higher amount of C16:0/TOC in less oxic bottom water of the Saanich Inlet and lower amount of C1:06/TOC in relatively better-oxygenated bottom water of the Hood Canal. The original hypothesis is not supported by the results, however, samples from the Hood Canal showed a positive correlation between BWO and C16:0/TOC, and it has e a statistical significance (p-value= 0.0127) (Figure 3). On the other hand, Saanich Inlet had a negative correlation between BWO and C16:0/TOC with a p-value of 0.124 (no statistical significance). The combined data set of this plot which includes C16:0/TOC from both Saanich Inlet and Hood Canal varied by BWO had a slight positive correlation with a slope of 2E-05 in the regression line, and the p-value was 0.500 (no statistical significance). 
Sedimentation Rates and Oxygen Exposure-Possible Explanation for BWO vs C16:0/TOC
	Sedimentation rates in the water column may influence the amount of C16:0 in the sediment of seafloor surface by altering its oxygen exposure time. The shorter the oxygen exposure time, the organic carbon is preserved more in marine sediments (Harnett et al. 1998). Long oxygen exposure time could be caused by slow sedimentation rate of organic carbon. If the sedimentation rate is slow, it will likely remain suspended longer, where the dissolved oxygen is greater than the bottom water. It is possible that sedimentation rates in some of the Hood Canal stations were faster than others. In the Hood Canal locations where high oxygen was observed, the sediments may have experienced high sedimentation rates, leading to relatively short oxygen exposure time. Short oxygen exposure time due to fast sedimentation rate could have prevented C16:0 from degradation which consumes BWO. As a result, greater amount of C16:0/TOC was observed in higher BWO locations than lower BWO locations. Although the BWO is high in certain locations, fast sedimentation rates could have contributed to short amount of time for C16:0 to spend in the water column. Since the sedimentation rate is fast, once sediment is accumulated in the seafloor, sediment input from later time may act as a barrier between the older sediment and BWO. This barrier may prevent the older sediment from being exposed to the BWO, which would slow down the degradation of C16:0, preserving it better in the sediment.
High BWO in certain locations of Hood Canal could be explained by freshwater discharge from rivers and sedimentation rate. In Hood Canal, there are nine main rivers which discharge freshwater flow, and the daily discharge rates range from nearly zero to 566 m3/s in Big Quilcene, Duckabush, Skokomish, and Big Beef throughout the year (Wang and Yang 2012). In contrast, Saanich Inlet has relatively lower freshwater discharge rates from rivers. The mean annual discharge from Goldstream River and Shawnigan Creek is less than 3 m3/s, and the Cowichan river (the main source of fresh water in Saanich Inlet) has a mean annual discharge of ~50 m3/s (Fisheries and Oceans of Canada 2009). Greater discharge rate of freshwater may increase the sedimentation rate because the rivers transport suspended sediment and enhance mixing. Fast discharge rate of rivers may increase the sedimentation rates, which would shorten the oxygen exposure time from sea surface to seafloor. Freshwater from rivers may have relatively high dissolved oxygen because the river depths are shallower, and oxygen gas exchange from atmosphere is more efficient than in the inlet. As freshwater from rivers arrives the inlet, the mixing brings dissolved oxygen to the bottom of the inlet. In addition, rivers bring fresh C16:0 and organic carbon that has not experienced much degradation. Thus, the effect of C16:0’s oxygen exposure in the rivers are not significant when associating freshwater discharge and the sedimentation rate. 
Annually on average, the weight of sediment from Olympic and Cascade mountains into Puget sound is 3.22 x 106 t (Finlayson 2006). Out of this sediment, particulate organic carbon flux in the bottom of Dabob Bay of Hood Canal is ~550 mg/m2/d2 in August, and ~300 mg/m2/d2 in January (Hedges et al. 1988). In the narrow inner location of Saanich Inlet, the organic carbon flux of the bottom is ~ 200 mg m2/d2 in August and ~100 mg/m2/d2 in January (Sancetta and Calvert 1988). Although study by Sancetta and Calvert removed organic particle larger than 471 um, it is possible that the organic carbon flux in the seafloor of Hood Canal is greater based on the best available published data (Sancetta and Calvert 1988). If this hypothesis is correct, higher flux of organic carbon in Hood Canal may be a result of fast sedimentation rate, which would shorten oxygen exposure time. Decreased oxygen exposure time would lead to preservation of C16:0/TOC, which could explain statistical significance of high C16:0/TOC in higher BWO of Hood Canal sites. 
Presence of Benthic Organism- Possible Explanation for BWO vs TOC
The fatty acid degradation rates are higher with the presence of macrofauna (Sun et al. 1997; Ding and Sun, 2005). The presence of grazers or bacteria in oxic environments may accelerate the degradation processes, leading to less preservation of C16:0 in sediments. For instance, the Hood Canal may have a large number of macrofauna since it is more oxic in the bottom, and they may contribute to break down C16:0 or TOC into smaller organic particles so that microbes are stimulated to convert them to dissolved carbon. Furthermore, as benthic macrofauna forms bioturbation in surface sediments, the fatty acids preserved in sediment could escape from the anoxic zone where dissolved oxygen gets ventilated to the surface water (Sun et al. 1997; Aller 1994). All the regression lines on Figure 4 may be explained by this reasoning. In more oxic stations, the TOC weights were lower because the benthic organism in oxic environment could have decomposed TOC more efficiently. 
Role of Bacteria in Sediment- Possible Explanation for BWO vs TOC
	Ding and Sun (2005) incubated Emiliania huxleyi, which is one of the most common phytoplankton, in oxic and anoxic sediments under water. The degradation of algal fatty acid was examined in different types and abundance of bacteria. It was suggested that C16:0 experiences faster degradation in oxic waters than anoxic waters. Ding and Sun (2005) concluded that the type of bacteria respiratory (i.e. aerobic or anaerobic) has greater impact on the rate of algal fatty acid degradation than the abundance of bacteria. The aerobic bacteria had twice to four times greater degradation rate than the anaerobic bacteria (Ding and Sun 2005). Lower TOC in well-oxygenated seafloors of Saanich Inlet and Hood Canal (Figure 4) may be associated with abundance of aerobic bacteria that are more efficient in degrading organic carbon than anaerobic bacteria. 
Aggradation of Organic Carbon- Possible Explanation for TOC vs C16:0 
	On Figure 7, Saanich Inlet and Combined regression lines showed positive correlation between TOC and C16:0 with statistical significance. It is possible that there is more C16:0 in when the amount of TOC is greater, because C16:0 may be preserved better when there is a large amount of TOC. TOC including C:16 aggregates during sinking in the water column above the seafloor. As C16:0 sinks from the surface ocean, it may bond to particulate organic carbons by sticky mucus left in detrital polymers, for instance, from cell-lysis of other microbes or fecal pallets (Alldredge and Silver 1988).  As the organic carbon including C16:0 gets bigger, it will sink at faster rate due to higher density, thus preserving C16:0 in sediment before it gets decomposed during sinking. Other fatty acids in TOC besides C16:0 may be preferentially degraded before C16:0 gets decomposed, if there are other fatty acid options for bacteria to decompose.
Mixing of water- Another Possible Factor 
	Mixing of water parcels may influence the rate of C16:0 settling and change the bottom water oxygen concentrations. For instance, surface water enters the sill of Saanich Inlet from the Haro Strait every summer or early fall, and thus the bottom water gets enriched in dissolved oxygen every year (Anderson and Devol 1973). In Hood Canal, the flushing rate of water parcels is greatest in September-October, which ventilates anoxic waters in the bottom (Warner et al. 2001). The duration of flushing dissolved oxygen in the bottom water may affect the preservation rates of C16:0 by changing BWO available at that time. It would be interesting to examine how the flushing, and tidal cycles may interact with the shape and depth of the inlets, affecting the amounts of C16:0 preserved in the sediments.
Future studies
It would be useful to be able to distinguish how much of the C16:0 in the sediment samples originated from the terrestrial environment. This would allow us to determine marine C16:0 burial into the sediment, and perhaps could be used to associate productivity, C16:0 preservation in the sediment, and the bottom water oxygen concentration. In addition, sampling BWO and C16:0 in summer and comparing the results with those in winter may help us understand the response time of the BWO, as algal blooms in spring lead to more settling of dead phytoplankton and BWO is consumed to decompose the organic matter.  
Associating Statistically Significant Correlations with Each Other
	Both Saanich Inlet and Combined regression lines indicated increasing C16:0 with increasing TOC (Figure 7). Saanich Inlet, Hood Canal, and Combined regression lines also indicated higher TOC with decreasing BWO (Figure 4). From these two correlations, a hypothesis could be suggested: greater amount of TOC leads to greater amount of C16:0. and greater TOC is found in lower BWO, thus, the C16:0/TOC will be greater in lower BWO. However, higher C16:0/TOC was correlated with increasing BWO in Hood Canal results. The first two correlations mentioned above partially supports the original hypothesis discussed in the introduction, however, the last correlation above does not imply to the previous two. It is possible that the preservation of C16:0 in sediment, directly affected by the BWO above the seafloor may not have a significance. Instead, there might be more processes involved with degradation of C16:0 in the water column before it gets accumulated, and its degradation rate is influenced by the BWO. 
Conclusion 
	The initial hypothesis of greater amount of C16:0/TOC in sites with less oxygenated bottom water was not proved by the results. Instead, samples from Hood Canal showed higher C16:0/TOC with increasing BWO. However, greater amount of C16:0 was correlated with greater amount of TOC. Less BWO was also correlated with greater amount of TOC. Anoxic bottom water is related with slowing down the degradation of TOC, however, it is concluded that C16:0 degradation is not directly associated with the consumption of BWO right above the seafloor. It is suggested that the oxygen exposure time or sedimentation rate, presence of benthic organism, aggregation of organic carbon, and population of bacteria may influence the rate of C16:0 degradation. If there a correlation is found between BWO and C16:0/TOC in future studies, the regression line could be used to reconstruct the BWO from sediment cores which would have preserved C16:0 in the past. Once BWO in the past is reconstructed, it could be used to understand the carbon cycle in the ocean by biological pump. 
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Appendix 1. GC-MS Results.
5 alpha cholestane is another recovery standard added to normalize errors in GC-MS extract transfers. Generally unsaturated fatty acids degrade faster than saturated fatty acids because the double bond structure in saturated fatty acids make it more resistible to high degradation rates.
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Appendix 2. DO data SI03, HC01-HC08.  All of the numerical vaules are from Winkler titration besides the two columns on the right, which are from DO sensors on CTD. Bottle #201 is highlighted to identify the transition from SI03 samples to HC samples easily. 
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Appendix 3. DO data HC09.  All of the numerical values are from Winkler titration besides the two columns on the right, which are from DO sensors on CTD. 



Appendix 4 (Next Page). DO data SI01 and SI03.  All of the numerical values are from Winkler titration besides the two columns on the right, which are from DO sensors on CTD. Bottle #157 is highlighted to identify the transition from SI01 samples to SI03 samples easily. “Over” in comments means that burette titer volume went over the saturation point, thus these values were excluded from BWO calculations in order to prevent misleading data in calculations. Two numerical values in comments are the averages of DO at 110 m from SI01 and at 110 m & 100 m from SI03, calculated in order to estimate BWO of SI05 at depth of 105m (Table 3).
[image: ]
References

Alldredge, A. L. and M. W. Silver. 1988. Characteristics, dynamics and significance of marine snow. Prog. Oceanogr. 20: 41-82, doi:10.1016/0079-6611(88)90053-5.

Aller, R. C. 1994. Bioturbation and remineralization of sedimentary organic matter: effects of redox oscillation. Chem. Geol. 114: 331-345, doi:10.1016/0009-2541(94)90062-0.

Anderson, J. and A. Devol. 1973. Deep water renewal in Saanich inlet, an intermittently anoxic basin. Estuar. Coast. Shelf Sci. 1: 1-10.

Bax, N. J. 1983. Early Marine Mortality of Marked Juvenile Chum Salmon ( Oncorhynchus keta ) Released into Hood Canal, Puget Sound, Washington, in 1980. Can. J. Fish. Aquat. Sci. 40: 426-435, doi:10.1139/f83-061.

Berner, R. A. 1982. Burial of organic carbon and pyrite sulfur in the modern ocean; its geochemical and environmental significance. Am. J. Sci. 282: 451-473, doi:10.2475/ajs.282.4.451.

Bordovskiy, O. K. 1965a. Sources of organic matter in marine basins. Mar. Geol. 3: 5-31, doi:10.1016/0025-3227(65)90003-4.

Bordovskiy, O. K. 1965b. Accumulation of organic matter in bottom sediments. 3: 33-82, doi:10.1016/0025-3227(65)90004-6.

Canuel, E. A. 1988. Organic geochemistry of particulate matter in the eastern tropical North Pacific Ocean: Implications for particle dynamics. J. Mar. Res. 46: 183-213, doi:10.1357/002224088785113748.

Codispoti L. 1988. One Man’s Advice on the Determination of Dissolved Oxygen in Seawater.

Diaz, R. J. and R. Rosenberg. 1995. Marine benthic hypoxia: a review of its ecological effects and the behavioural responses of benthic macrofauna. 245-303.

Ding, H. and M. Sun. 2005. Biochemical degradation of algal fatty acids in oxic and anoxic sediment-seawater interface systems: effects of structural association and relative roles of aerobic and anaerobic bacteria. Mar. Chem. 93: 1-19, doi:10.1016/j.marchem.2004.04.004.

Finlayson, D. P. 2006. The geomorphology of Puget Sound beaches. Seattle, Wash. : Washington Sea Grant Program, University of Washington.

Government of Canada, Fisheries and Oceans, Pacific Region, Science. 2009. Fisheries and Oceans Canada |Pacific Region | Saanich Inlet.

Hartnett, H. E., R. G. Keil, J. I. Hedges and A. H. Devol. 1998. Influence of oxygen exposure time on organic carbon preservation in continental margin sediments. 391: 572, doi:10.1038/35351.

Hedges, J., W. Clark and G. Cowie. 1988. Fluxes and reactivities of organic matter in a coastal marine bay. Limnol. Oceanogr. 33: 1137-1152.

Levin, L., C. Huggett and K. Wishner. 1991. Control of deep-sea benthic community structure by oxygen and organic-matter gradients in the eastern Pacific Ocean. J. Mar. Res. 49: 763-800, doi:10.1357/002224091784995756.

Neira, C., J. Sellanes, L. A. Levin and W. E. Arntz. 2001. Meiofaunal distributions on the Peru margin:: relationship to oxygen and organic matter availability. 48: 2453-2472, doi:10.1016/S0967-0637(01)00018-8.

Sachs, J. P., A. E. Maloney, J. Gregersen and C. Paschall. 2016. Effect of salinity on 2H/1H fractionation in lipids from continuous cultures of the coccolithophorid Emiliania huxleyi. Geochim. Cosmochim. Acta. 189: 96-109, doi:10.1016/j.gca.2016.05.041.

Sancetta, C. and S. E. Calvert. 1988. The annual cycle of sedimentation in Saanich inlet, British Columbia: implications for the interpretation of diatom fossil assemblages. 35: 71-90, doi:10.1016/0198-0149(88)90058-1.

Shankle, A. M., R. Goericke, P. J. S. Franks and L. A. Levin. 2002. Chlorin distribution and degradation in sediments within and below the Arabian Sea oxygen minimum zone. 49: 953-969, doi:10.1016/S0967-0637(01)00077-2.

Sheridan, C. C., C. Lee, S. G. Wakeham and J. K. B. Bishop. 2002. Suspended particle organic composition and cycling in surface and midwaters of the equatorial Pacific Ocean. 49: 1983-2008, doi:10.1016/S0967-0637(02)00118-8.

Slowey, J. F., L. M. Jeffrey and D. W. Hood. 1962. The fatty-acid content of ocean water. Geochim. Cosmochim. Acta. 26: 607-616, doi:10.1016/0016-7037(62)90041-8.

Sun, M. I., R. C. Aller, C. Lee and S. G. Wakeham. 2002. Effects of oxygen and redox oscillation on degradation of cell-associated lipids in surficial marine sediments. Geochim. Cosmochim. Acta. 66: 2003-2012, doi:10.1016/S0016-7037(02)00830-X.

Sun, M., S. G. Wakeham and C. Lee. 1997. Rates and mechanisms of fatty acid degradation in oxic and anoxic coastal marine sediments of Long Island Sound, New York, USA. Geochim. Cosmochim. Acta. 61: 341-355, doi:10.1016/S0016-7037(96)00315-8.

Sun, M. and S. Wakeham. 1999. Diagenesis of planktonic fatty acids and sterols in Long Island Sound sediments: Influences of a phytoplankton bloom and bottom water oxygen content. J. Mar. Res. 57: 357-385, doi:10.1357/002224099321618254.

Vinogradov, M. YE. 1961. The nutritional sources of the deep-water fauna. Dokl. Akad. Nauk
S.S.S.R., 138: 6 (in Russian).

Wang, T., and Z. Yang. 2012. A Modeling Study of Hydrodynamic Circulation in a Fjord of the Pacific Northwest.

Warner, M.J., Kawase, M., Newton, J.A. 2001. Recent studies of the overturning circulation in Hood Canal. Proceedings of the 2001, Puget Sound Research Conference. Puget Sound Action Team, Olympia, WA.

Woulds, C., J. H. Andersson, G. L. Cowie, J. J. Middelburg and L. A. Levin. 2009. The short-term fate of organic carbon in marine sediments: Comparing the Pakistan margin to other regions. 56: 393-402, doi:10.1016/j.dsr2.2008.10.008.

BWO vs C16:0/TOC

Hood Canal	y = 0.0002x + 3E-05
R² = 0.4812
p-value= 0.0127

4.9950000000000001	4.75	2.9249999999999998	2.9299999999999997	2.8149999999999999	2.35	2.2599999999999998	2.0455948401194323E-3	7.7200063026944211E-4	4.9615481598066255E-4	4.9947232048546102E-4	5.9978015720126281E-4	4.8891756400026225E-4	3.5721954321422532E-4	Saanich Inlet	y = -0.0001x + 0.001
R² = 0.4519
p-value= 0.124

0	2.3458673917480303E-2	0	2.5000000000000001E-3	8.2460000000000006E-2	3.4145798041753301	4.282	1.33212304173696E-3	1.0653435641230233E-3	7.1536566405309011E-4	1.0946403102577043E-3	7.0335629500031956E-4	7.12932502620384E-4	4.5982932562881111E-4	combined	y = 2E-05x + 0.0008
R² = 0.0073
p-value= 0.500

0	2.3458673917480303E-2	0	2.5000000000000001E-3	8.2460000000000006E-2	3.4145798041753301	4.282	4.9950000000000001	4.75	2.9249999999999998	2.9299999999999997	2.8149999999999999	2.35	2.2599999999999998	1.33212304173696E-3	1.0653435641230233E-3	7.1536566405309011E-4	1.0946403102577043E-3	7.0335629500031956E-4	7.12932502620384E-4	4.5982932562881111E-4	2.0455948401194323E-3	7.7200063026944211E-4	4.9615481598066255E-4	4.9947232048546102E-4	5.9978015720126281E-4	4.8891756400026225E-4	3.5721954321422532E-4	Bottom Water Oxygen Concentration (mL/L)


C16:0/TOC




BWO vs TOC weight

Saanich Inlet	y = -0.0013x + 0.0136
R² = 0.9156
p-value= 0.00266

0	2.3458673917480303E-2	0	2.5000000000000001E-3	8.2460000000000006E-2	3.4145798041753301	4.282	1.4201199999999987E-2	1.4195500000000019E-2	1.2728099999999989E-2	1.3972200000000004E-2	1.2883600000000002E-2	8.2109999999999961E-3	8.7039999999999965E-3	Hood Canal	y = -0.0021x + 0.0159
R² = 0.5296
p-value= 0.00126

4.9950000000000001	4.75	2.9249999999999998	2.9299999999999997	2.8149999999999999	2.35	2.2599999999999998	1.2566999999999997E-3	5.1984000000000023E-3	1.0748399999999991E-2	1.3011500000000007E-2	1.3914999999999995E-2	1.2313400000000002E-2	1.1899999999999996E-2	Combined	y = -0.0016x + 0.0141
R² = 0.6237
p-value= 0.0219

0	2.3458673917480303E-2	0	2.5000000000000001E-3	8.2460000000000006E-2	3.4145798041753301	4.282	4.9950000000000001	4.75	2.9249999999999998	2.9299999999999997	2.8149999999999999	2.35	2.2599999999999998	1.4201199999999987E-2	1.4195500000000019E-2	1.2728099999999989E-2	1.3972200000000004E-2	1.2883600000000002E-2	8.2109999999999961E-3	8.7039999999999965E-3	1.2566999999999997E-3	5.1984000000000023E-3	1.0748399999999991E-2	1.3011500000000007E-2	1.3914999999999995E-2	1.2313400000000002E-2	1.1899999999999996E-2	BWO (mL/L)


TOC weight (g)




Depth vs C16:0/TOC

Saanich Inlet	y = 5E-06x + 0.0002
R² = 0.6945
p-value= 0.119

204	182	148	120	105	84	70	1.33212304173696E-3	1.0653435641230233E-3	7.1536566405309011E-4	1.0946403102577043E-3	7.0335629500031956E-4	7.12932502620384E-4	4.5982932562881111E-4	Hood Canal	y = -4E-06x + 0.0013
R² = 0.0554
p-value= 0.707

110	115	144	181	162	128	81.400000000000006	2.0455948401194323E-3	7.7200063026944211E-4	4.9615481598066255E-4	4.9947232048546102E-4	5.9978015720126281E-4	4.8891756400026225E-4	3.5721954321422532E-4	Combined	y = 2E-06x + 0.0005
R² = 0.0385
p-value= 0.920

204	182	148	120	105	84	70	110	115	144	181	162	128	81.400000000000006	1.33212304173696E-3	1.0653435641230233E-3	7.1536566405309011E-4	1.0946403102577043E-3	7.0335629500031956E-4	7.12932502620384E-4	4.5982932562881111E-4	2.0455948401194323E-3	7.7200063026944211E-4	4.9615481598066255E-4	4.9947232048546102E-4	5.9978015720126281E-4	4.8891756400026225E-4	3.5721954321422532E-4	Depth (m)


C16:0/TOC




Depth vs C16:0 Weight

Saanich Inlet	y = 1E-07x - 1E-06
R² = 0.7544
p-value= 0.0688

204	182	148	120	105	84	70	1.8917745740314897E-5	1.5123084564508398E-5	9.1052457086341285E-6	1.52945333429827E-5	9.0617611622661188E-6	5.85388877901597E-6	4.0023544502731704E-6	Hood Canal	y = 4E-08x - 2E-07
R² = 0.5484
p-value= 0.0818

110	115	144	181	162	128	81.400000000000006	2.57069903557809E-6	4.0131680763926699E-6	5.3328704240865495E-6	6.49888409799658E-6	8.3459408874555688E-6	6.0202375325608296E-6	4.2509125642492798E-6	Combined	y = 8E-08x - 2E-06
R² = 0.4108
p-value= 0.0988

204	182	148	120	105	84	70	110	115	144	181	162	128	81.400000000000006	1.8917745740314897E-5	1.5123084564508398E-5	9.1052457086341285E-6	1.52945333429827E-5	9.0617611622661188E-6	5.85388877901597E-6	4.0023544502731704E-6	2.57069903557809E-6	4.0131680763926699E-6	5.3328704240865495E-6	6.49888409799658E-6	8.3459408874555688E-6	6.0202375325608296E-6	4.2509125642492798E-6	Depth (m)


C16:0 weight (g)




TOC vs C16:0 Weight

Hood Canal	y = 0.0003x + 2E-06
R² = 0.7182
p-value= 0.0981

1.2566999999999997E-3	5.1984000000000023E-3	1.0748399999999991E-2	1.3011500000000007E-2	1.3914999999999995E-2	1.2313400000000002E-2	1.1899999999999996E-2	2.57069903557809E-6	4.0131680763926699E-6	5.3328704240865495E-6	6.49888409799658E-6	8.3459408874555688E-6	6.0202375325608296E-6	4.2509125642492798E-6	Saanich Inlet	y = 0.0019x - 1E-05
R² = 0.765
p-value= 0.0151

1.4201199999999987E-2	1.4195500000000019E-2	1.2728099999999989E-2	1.3972200000000004E-2	1.2883600000000002E-2	8.2109999999999961E-3	8.7039999999999965E-3	1.8917745740314897E-5	1.5123084564508398E-5	9.1052457086341285E-6	1.52945333429827E-5	9.0617611622661188E-6	5.85388877901597E-6	4.0023544502731704E-6	Combined	y = 0.0009x - 1E-06
R² = 0.4564
p-value=0.00887

1.4201199999999987E-2	1.4195500000000019E-2	1.2728099999999989E-2	1.3972200000000004E-2	1.2883600000000002E-2	8.2109999999999961E-3	8.7039999999999965E-3	1.2566999999999997E-3	5.1984000000000023E-3	1.0748399999999991E-2	1.3011500000000007E-2	1.3914999999999995E-2	1.2313400000000002E-2	1.1899999999999996E-2	1.8917745740314897E-5	1.5123084564508398E-5	9.1052457086341285E-6	1.52945333429827E-5	9.0617611622661188E-6	5.85388877901597E-6	4.0023544502731704E-6	2.57069903557809E-6	4.0131680763926699E-6	5.3328704240865495E-6	6.49888409799658E-6	8.3459408874555688E-6	6.0202375325608296E-6	4.2509125642492798E-6	TOC (g)


C16:0 (g)




image3.emf
sample label station depth (m) avg 02 (mL/L)

SI-01

S1-02-1
S1-03-1
SI1-04-1
SI1-05-1
S1-06-1
SI1-07-1

HC-01-1
HC-02-1
HC-04-01
HC-05-1
HC-07-1
HC-08-1
HC-09-01

204
182
148
120
105

84

70

110
115
144
181
162
128
81.4

0.00
0.0235
0.00
0.00250
0.0825
3.41
4.28

5.00
4.75
2.93
2.93
2.82
2.35
2.26

TOC weight (g) C 16:0 (ug)

0.0142
0.0142
0.0127
0.0140
0.0129
0.00821
0.00870

0.00126
0.00520
0.0107
0.0130
0.0139
0.0123
0.0119

18.9
15.1
9.11
15.3
9.06
5.85
4.00

2.57
4.01
5.33
6.50
8.35
6.02
4.25

C16:0 (g)

1.89E-05
1.51E-05
9.11E-06
1.53E-05
9.06E-06
5.85E-06
4.00E-06

2.57E-06
4.01E-06
5.33E-06
6.50E-06
8.35E-06
6.02E-06
4.25E-06

C16:0 /TOC

0.00133
0.00107
0.000715
0.00109
0.000703
0.000713
0.000460

0.00205
0.000772
0.000496
0.000499
0.000600
0.000489
0.000357









sample labelstation depth (m) avg O2 (mL/L) TOC weight (g)C 16:0 (ug) C16:0 (g) C16:0 /TOC

SI-01 204 0.00 0.0142 18.9 1.89E-05 0.00133

SI-02-1 182 0.0235 0.0142 15.1 1.51E-05 0.00107

SI-03-1 148 0.00 0.0127 9.11 9.11E-06 0.000715

SI-04-1 120 0.00250 0.0140 15.3 1.53E-05 0.00109

SI-05-1 105 0.0825 0.0129 9.06 9.06E-06 0.000703

SI-06-1 84 3.41 0.00821 5.85 5.85E-06 0.000713

SI-07-1 70 4.28 0.00870 4.00 4.00E-06 0.000460

HC-01-1 110 5.00 0.00126 2.57 2.57E-06 0.00205

HC-02-1 115 4.75 0.00520 4.01 4.01E-06 0.000772

HC-04-01 144 2.93 0.0107 5.33 5.33E-06 0.000496

HC-05-1 181 2.93 0.0130 6.50 6.50E-06 0.000499

HC-07-1 162 2.82 0.0139 8.35 8.35E-06 0.000600

HC-08-1 128 2.35 0.0123 6.02 6.02E-06 0.000489

HC-09-01 81.4 2.26 0.0119 4.25 4.25E-06 0.000357


image4.emf
p-values

SI BWO vs Palmitic:TOC

HC BWO vs Palmitic:TOC

Both Sites BWO vs Palmitic:TOC

SIBWO vs TOC
HC BWO vs TOC
Both Sites BWO vs TOC

SI Depth vs Palmitic:TOC
HC Depth vs Palmitic:TOC
Both Sites Depth vs Palmitic:TOC

S| Depth vs Palmitic
HC Depth vs Palmitic
Both Sites Depth vs Palmitic

SI TOC vs Palmitic
HC TOC vs Palmitic
Both Sites TOC vs Palmitic

0.124
0.0127
0.500

0.00266
0.0219
0.00126

0.119
0.707
0.920

0.0688
0.0818
0.0988

0.0151
0.0981
0.00887









p-values

SI BWO vs Palmitic:TOC  0.124

HC BWO vs Palmitic:TOC  0.0127

Both Sites BWO vs Palmitic:TOC 0.500

SI BWO vs TOC 0.00266

HC BWO vs TOC 0.0219

Both Sites BWO vs TOC 0.00126

SI Depth vs Palmitic:TOC 0.119

HC Depth vs Palmitic:TOC 0.707

Both Sites Depth vs Palmitic:TOC 0.920

SI Depth vs Palmitic 0.0688

HC Depth vs Palmitic 0.0818

Both Sites Depth vs Palmitic 0.0988

SI TOC vs Palmitic 0.0151

HC TOC vs Palmitic 0.0981

Both Sites TOC vs Palmitic 0.00887
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Peak Areas (per g sed, reco corrected)

C16:0 FAME C16:1FAME C18:nFAME C21:0 FAME 5 alphacholestane g sed rf(ngalig. per area) ng C21:0 tot %reco ug C16:0 ugCl6:1 ug C18:n
SI01-1 17052056 5485901 8675906 3402280 50528022 1.06 1.9791E-05 1347 34 18.9 6.1 9.6
S102-1 26879339 8351940 15166201 6584503 45628303 1.08 2.19162E-05 2886 72 15.1 4.7 8.5
S103-1 17037086 6103941 12087988 7062628 50599832 1.06 1.97629E-05 2792 70 9.1 3.3 6.5
S104-1 19134479 8892076 11944462 4509475 52073509 1.11 1.92036E-05 1732 43 15.3 7.1 9.5
S105-1 26191514 16624982 18134099 8030712 54943396 1.44 1.82005E-05 2923 73 9.1 5.8 6.3
S106-2 15221181 7363609 14701837 9206488 55932579 1.13 1.78787E-05 3292 82 5.9 2.8 5.7
SI107-1 8051248 3290761 9417079 7968835 50520818 1.01 1.97938E-05 3155 79 4.0 1.6 4.7
HCO1-1 3585220 1257779 3796423 4769219 41094727 1.17 2.4334E-05 2321 58 2.6 0.9 2.7
HC02-1 7979225 3286726 7199459 7876269 57935070 1.01 1.72607E-05 2719 68 4.0 1.7 3.6
HCO04-1 14113691 7843426 11771615 10280421 61865117 1.03 1.61642E-05 3323 83 5.3 3.0 4.4
HCO5-1 15573164 6799560 17103871 9308279 65580335 1.03 1.52485E-05 2839 71 6.5 2.8 7.1
HCO07-1 17070431 8971899 12151510 8102450 56742399 1.01 1.76235E-05 2856 71 8.3 4.4 5.9
HCO08-1 14518627 4161315 14154480 9553425 59676001 1.01 1.67572E-05 3202 80 6.0 1.7 5.9
HC09-1 12522849 4313777 11707035 11119459 66021264 1.06 1.51466E-05 3368 84 4.3 1.5 4.0
ul 5aadded 10 ul
conc 100 ng/ul
% taken 5
C21:0 FAadded 20 ul
C21:0 conc 400.1 ng/ul

Fraction tot removed 0.5









Peak Areas (per g sed, reco corrected)

C16:0 FAME C16:1 FAME C18:n FAME C21:0 FAME 5 alpha cholestane g sed rf (ng aliq. per area) ng C21:0 tot %reco ug C16:0 ug C16:1 ug C18:n

SI01-1 17052056 5485901 8675906 3402280 50528022 1.06 1.9791E-05 1347 34 18.9 6.1 9.6

SI02-1 26879339 8351940 15166201 6584503 45628303 1.08 2.19162E-05 2886 72 15.1 4.7 8.5

SI03-1 17037086 6103941 12087988 7062628 50599832 1.06 1.97629E-05 2792 70 9.1 3.3 6.5

SI04-1 19134479 8892076 11944462 4509475 52073509 1.11 1.92036E-05 1732 43 15.3 7.1 9.5

SI05-1 26191514 16624982 18134099 8030712 54943396 1.44 1.82005E-05 2923 73 9.1 5.8 6.3

SI06-2 15221181 7363609 14701837 9206488 55932579 1.13 1.78787E-05 3292 82 5.9 2.8 5.7

SI07-1 8051248 3290761 9417079 7968835 50520818 1.01 1.97938E-05 3155 79 4.0 1.6 4.7

HC01-1 3585220 1257779 3796423 4769219 41094727 1.17 2.4334E-05 2321 58 2.6 0.9 2.7

HC02-1 7979225 3286726 7199459 7876269 57935070 1.01 1.72607E-05 2719 68 4.0 1.7 3.6

HC04-1 14113691 7843426 11771615 10280421 61865117 1.03 1.61642E-05 3323 83 5.3 3.0 4.4

HC05-1 15573164 6799560 17103871 9308279 65580335 1.03 1.52485E-05 2839 71 6.5 2.8 7.1

HC07-1 17070431 8971899 12151510 8102450 56742399 1.01 1.76235E-05 2856 71 8.3 4.4 5.9

HC08-1 14518627 4161315 14154480 9553425 59676001 1.01 1.67572E-05 3202 80 6.0 1.7 5.9

HC09-1 12522849 4313777 11707035 11119459 66021264 1.06 1.51466E-05 3368 84 4.3 1.5 4.0

ul 5a added 10 ul

conc 100 ng/ul

% taken 5

C21:0 FA added 20 ul

C21:0 conc 400.1 ng/ul

Fraction tot removed 0.5


Microsoft_Excel_Worksheet1.xlsx
DP C16

				Peak Areas																						(per g sed, reco corrected)

				C16:0 FAME		C16:1 FAME		C18:n FAME		C21:0 FAME		5 alpha cholestane				g sed				rf (ng aliq. per area)		ng C21:0 tot		%reco		ug C16:0		ug C16:1		ug C18:n

		SI01-1		17052056		5485901		8675906		3402280		50528022				1.06				0.000019791		1347		34		18.9		6.1		9.6

		SI02-1		26879339		8351940		15166201		6584503		45628303				1.08				0.0000219162		2886		72		15.1		4.7		8.5

		SI03-1		17037086		6103941		12087988		7062628		50599832				1.06				0.0000197629		2792		70		9.1		3.3		6.5

		SI04-1		19134479		8892076		11944462		4509475		52073509				1.11				0.0000192036		1732		43		15.3		7.1		9.5

		SI05-1		26191514		16624982		18134099		8030712		54943396				1.44				0.0000182005		2923		73		9.1		5.8		6.3

		SI06-2		15221181		7363609		14701837		9206488		55932579				1.13				0.0000178787		3292		82		5.9		2.8		5.7

		SI07-1		8051248		3290761		9417079		7968835		50520818				1.01				0.0000197938		3155		79		4.0		1.6		4.7



		HC01-1		3585220		1257779		3796423		4769219		41094727				1.17				0.000024334		2321		58		2.6		0.9		2.7

		HC02-1		7979225		3286726		7199459		7876269		57935070				1.01				0.0000172607		2719		68		4.0		1.7		3.6

		HC04-1		14113691		7843426		11771615		10280421		61865117				1.03				0.0000161642		3323		83		5.3		3.0		4.4

		HC05-1		15573164		6799560		17103871		9308279		65580335				1.03				0.0000152485		2839		71		6.5		2.8		7.1

		HC07-1		17070431		8971899		12151510		8102450		56742399				1.01				0.0000176235		2856		71		8.3		4.4		5.9

		HC08-1		14518627		4161315		14154480		9553425		59676001				1.01				0.0000167572		3202		80		6.0		1.7		5.9

		HC09-1		12522849		4313777		11707035		11119459		66021264				1.06				0.0000151466		3368		84		4.3		1.5		4.0

		ul 5a added		10		ul

		conc		100		ng/ul

		% taken		5

		C21:0 FA added		20		ul

		C21:0 conc		400.1		ng/ul

		Fraction tot removed		0.5
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Customer: Date:
Ship/Site: experiment Cruise: TN 348 Analyst: Yash Maghare
Blank(ml): 0.007 Standard(ml): 0.514 Filename: Snr thesis
(mL/L)
Bottle # Sample ID Depth Bottle Volume Buret Titer Dissolved Oxygen Concentration Comments O2 from CTD
m ml ml__mg-at/liter mg/liter ml/liter
193 SI103 65 132.67 0.501 0.371 5.94 4.16 4.2177
194 S103 65 139.04 0.525 0.371 5.94 4.16
195 S103 20 131.96 0.555 0.415 6.63 4.64 4.8182
196 S103 20 134.12 0.579 0.426 6.81 4.77
197 S103 10 132.05 0.563 0.420 6.72 4.71
198 S103 10 123.21 0.546 0.437 7.00 4.90
199 S103 2 125.23 0.779 0.617 9.87 6.91
200 S103 2 143.6 0.971 0.670 10.72 7.51
201 HCO08 115 134.31 0.290 0.209 3.35 2.35 2.3403
202 HC08 115 131.19 0.284 0.210 3.36 2.35
203 HCO07 150 131.63 0.332 0.246 3.93 2.75 2.7014
204 HCO07 150 130.31 0.343 0.257 4.11 2.88
205 HCO05 171 130.49 0.351 0.263 4.20 2.94 2.8803
206 HCO05 171 126.7 0.338 0.260 417 2.92
207 HC04 135 136.43 0.370 0.265 4.24 2.97 2.8889
208 HC04 135 126.78 0.334 0.257 4.11 2.88
209 HCO03 121 132.92 0.449 0.332 5.31 3.71 3.6313
210 HCO03 121 134.5 0.449 0.328 5.24 3.67
211 HCO02 112 142.97 0.620 0.428 6.84 4.79 4.6387
212 HCO02 112 138.57 0.591 0.420 6.73 4.71
213 HCO01 105 127.24 0.583 0.452 7.24 5.07 4.8178
214 HCO1 105 133.06 0.593 0.440 7.03 4.92

02 from CTD2

2.8712

3.3141

2.3308

2.6912

2.8708

2.8852

3.6162

4.6204

4.796









Customer: Date:

Ship/Site:experiment Cruise: TN 348 Analyst: Yash Maghare

Blank(ml): 0.007 Standard(ml): 0.514 Filename: Snr thesis

(mL/L)

Bottle # Sample ID Depth Bottle Volume Buret Titer Dissolved Oxygen Concentration Comments O2 from CTD O2 from CTD2

m ml ml mg-at/liter mg/liter ml/liter

193 SI03 65 132.67 0.501 0.371 5.94 4.16 4.2177 2.8712

194 SI03 65 139.04 0.525 0.371 5.94 4.16

195 SI03 20 131.96 0.555 0.415 6.63 4.64 4.8182 3.3141

196 SI03 20 134.12 0.579 0.426 6.81 4.77

197 SI03 10 132.05 0.563 0.420 6.72 4.71

198 SI03 10 123.21 0.546 0.437 7.00 4.90

199 SI03 2 125.23 0.779 0.617 9.87 6.91

200 SI03 2 143.6 0.971 0.670 10.72 7.51

201 HC08 115 134.31 0.290 0.209 3.35 2.35 2.3403 2.3308

202 HC08 115 131.19 0.284 0.210 3.36 2.35

203 HC07 150 131.63 0.332 0.246 3.93 2.75 2.7014 2.6912

204 HC07 150 130.31 0.343 0.257 4.11 2.88

205 HC05 171 130.49 0.351 0.263 4.20 2.94 2.8803 2.8708

206 HC05 171 126.7 0.338 0.260 4.17 2.92

207 HC04 135 136.43 0.370 0.265 4.24 2.97 2.8889 2.8852

208 HC04 135 126.78 0.334 0.257 4.11 2.88

209 HC03 121 132.92 0.449 0.332 5.31 3.71 3.6313 3.6162

210 HC03 121 134.5 0.449 0.328 5.24 3.67

211 HC02 112 142.97 0.620 0.428 6.84 4.79 4.6387 4.6204

212 HC02 112 138.57 0.591 0.420 6.73 4.71

213 HC01 105 127.24 0.583 0.452 7.24 5.07 4.8178 4.796

214 HC01 105 133.06 0.593 0.440 7.03 4.92


image7.emf
Customer: Date:
Ship/Site: experiment Cruise: TN 348 Analyst: Karrin L.
Blank(ml): 0.001 Standard(ml): 0.526 Filename: Snr thesis
Bottle # Sample ID Depth Bottle Volume Buret Titer Dissolved Oxygen Concentration Comments (mL/L)
m ml ml__mg-at/liter mg/liter ml/liter 02 from CTD 02 from CT
1 HCO09 72 130.19 0.265 0.195 3.11 2.18 2.1962 2.1808
2 HCO09 72 132.4 0.288 0.208 3.33 2.33
3 HC09 72 132.79 0.280 0.202 3.22 2.26
4A HC09 62 132.8 0.279 0.201 3.21 2.25 2.2315 2.2294
5 HC09 62 134.51 0.279 0.198 3.17 2.22
6C HCO09 62 140.56 0.291 0.198 3.16 2.21
TA HCO09 42 142.51 0.306 0.205 3.28 2.30 2.4617 2.4522
8 HCO09 42 128.19 0.273 0.204 3.26 2.28
9 HC09 42 136.67 0.300 0.210 3.36 2.35
10A HC09 22 142.84 0.336 0.225 3.60 2.52 3.1754 3.179
11 HC09 22 127.71 0.309 0.232 3.71 2.60
12 HCO09 22 131.05 0.320 0.234 3.74 2.62
13 HCO09 10 131.79 0.535 0.390 6.24 4.37
14 HCO09 10 140.13 0.599 0.411 6.57 4.60
15 HC09 10 132.98 0.606 0.438 7.01 4.91
16 HC09 2 131.34 0.678 0.497 7.95 5.57
17A HC09 2 129.04 0.679 0.507 8.11 5.67
18 HCO09 2 131.2 0.710 0.521 8.34 5.84









Customer: Date:

Ship/Site:experiment Cruise: TN 348 Analyst: Karrin L.

Blank(ml): 0.001 Standard(ml): 0.526 Filename: Snr thesis

Bottle # Sample ID Depth Bottle Volume Buret Titer Dissolved Oxygen Concentration Comments(mL/L)

m ml ml mg-at/liter mg/liter ml/liter O2 from CTD O2 from CTD 2

1 HC09 72 130.19 0.265 0.195 3.11 2.18 2.1962 2.1808

2 HC09 72 132.4 0.288 0.208 3.33 2.33

3 HC09 72 132.79 0.280 0.202 3.22 2.26

4A HC09 62 132.8 0.279 0.201 3.21 2.25 2.2315 2.2294

5 HC09 62 134.51 0.279 0.198 3.17 2.22

6C HC09 62 140.56 0.291 0.198 3.16 2.21

7A HC09 42 142.51 0.306 0.205 3.28 2.30 2.4617 2.4522

8 HC09 42 128.19 0.273 0.204 3.26 2.28

9 HC09 42 136.67 0.300 0.210 3.36 2.35

10A HC09 22 142.84 0.336 0.225 3.60 2.52 3.1754 3.179

11 HC09 22 127.71 0.309 0.232 3.71 2.60

12 HC09 22 131.05 0.320 0.234 3.74 2.62

13 HC09 10 131.79 0.535 0.390 6.24 4.37

14 HC09 10 140.13 0.599 0.411 6.57 4.60

15 HC09 10 132.98 0.606 0.438 7.01 4.91

16 HC09 2 131.34 0.678 0.497 7.95 5.57

17A HC09 2 129.04 0.679 0.507 8.11 5.67

18 HC09 2 131.2 0.710 0.521 8.34 5.84


image8.emf
Customer: Date:

Ship/Site: experiment Cruise: TN348 Analyst: Yash Maghare
Blank(ml): 0.000 Standard(ml): 0.520 Filename: Snr thesis
(mL/L)
Bottle # Sample ID Depth Bottle Volume Buret Titer Dissolved Oxygen Concentration Comments O2 from CTD 02 from CTD2
m ml ml__mg-at/liter mg/liter ml/liter
97 S101 196 132.59 0.000 -0.002 -0.03 -0.02 0.00590 0.01130
98A S101 196 135.43 0.000 -0.002 -0.03 -0.02
99 S101 196 131.11 0.000 -0.002 -0.03 -0.02
100B S101 180 145.79 0.001 -0.001 -0.01 -0.01 0.00790 0.01460
101A S101 180 133.28 0.003 0.001 0.01 0.01
102 S101 180 130.6 0.011 0.007 0.11 0.07
103A S101 140 140.19 0.012 0.007 0.11 0.08 0.0132 0.0241
104A S101 140 132.25 0.005 0.002 0.03 0.02
105 S101 140 130.43 0.004 0.001 0.02 0.02
106 S101 120 139.84 0.002 0.000 0.00 0.00 0.0206 0.0325
107 S101 120 140.69 0.003 0.000 0.01 0.01
108 S101 120 126.19 0.057 0.043 0.68 0.48 over
109 S101 110 131.89 0.000 -0.002 -0.03 -0.02 0.028 0.0316 0.0492
110 S101 110 143.22 0.005 0.002 0.03 0.02
111 S101 110 133.17 0.005 0.002 0.03 0.02
112 S101 100 132.51 0.010 0.006 0.09 0.06 0.4531 0.4265
113 S101 100 127.46 0.037 0.027 0.43 0.30 over
114 S101 100 132.12 0.008 0.004 0.07 0.05
115 S101 90 134.4 0.139 0.099 1.59 1.11 1.579 1.2669
116 S101 90 144.6 0.146 0.097 1.55 1.08
117 S101 90 136.44 0.141 0.099 1.59 1.11
118 S101 80 131.29 0.408 0.302 4.83 3.38 3.8479 2.7856
119 S101 80 129.75 0.402 0.301 4.81 3.37
120 S101 80 130.12 0.405 0.302 4.83 3.38
145 S101 65 132.59 0.529 0.388 6.20 4.34 4.5157 3.2561
146 S101 65 135.43 0.525 0.376 6.02 4.22
147 S101 65 131.11 0.546 0.405 6.48 4.53
148B S101 20 145.79 0.510 0.339 5.43 3.80 4.171 3.0363
149 S101 20 133.28 0.492 0.359 5.74 4.02
150 S101 20 130.6 0.494 0.368 5.88 4.12
151 S101 10 140.19 0.536 0.371 5.94 4.16
152A S101 10 132.25 0.539 0.396 6.34 4.44
153 S101 10 130.43 0.517 0.385 6.16 4.31
154 S101 2 139.84 0.844 0.587 9.39 6.57
155 S101 2 140.69 0.799 0.552 8.83 6.18
156 S101 2 126.19 0.847 0.654 10.46 7.32
157 S103 134 131.89 0.000 -0.002 -0.03 -0.02 0.0057 0
158 SI103 134 143.22 0.000 -0.002 -0.03 -0.02
159 S103 120 133.17 0.001 -0.001 -0.01 -0.01 0.0239 0.0217
160 S103 120 132.51 0.003 0.001 0.01 0.01
161 S103 110 127.46 0.001 -0.001 -0.01 -0.01 0.137 0.0422 0.0552
162 S103 110 132.12 0.006 0.003 0.05 0.03
163 SI103 100 134.4 0.033 0.022 0.36 0.25 0.6719 0.5606
164 SI103 100 144.6 0.039 0.025 0.39 0.28
165 S103 90 136.44 0.634 0.452 7.22 5.06 2.0343 1.523
166 S103 90 131.29 0.253 0.186 2.98 2.09
167 S103 80 129.75 0.411 0.308 4.92 3.44 3.7384 2.5872

168 SI03 80 130.12 0.419 0.313 5.00 3.50









Customer: Date:

Ship/Site:experiment Cruise: TN348 Analyst: Yash Maghare

Blank(ml): 0.000 Standard(ml): 0.520 Filename: Snr thesis

(mL/L)

Bottle # Sample ID Depth Bottle Volume Buret Titer Dissolved Oxygen Concentration Comments O2 from CTD O2 from CTD2

m ml ml mg-at/liter mg/liter ml/liter

97 SI01 196 132.59 0.000 -0.002 -0.03 -0.02 0.00590 0.01130

98A SI01 196 135.43 0.000 -0.002 -0.03 -0.02

99 SI01 196 131.11 0.000 -0.002 -0.03 -0.02

100B SI01 180 145.79 0.001 -0.001 -0.01 -0.01 0.00790 0.01460

101A SI01 180 133.28 0.003 0.001 0.01 0.01

102 SI01 180 130.6 0.011 0.007 0.11 0.07

103A SI01 140 140.19 0.012 0.007 0.11 0.08 0.0132 0.0241

104A SI01 140 132.25 0.005 0.002 0.03 0.02

105 SI01 140 130.43 0.004 0.001 0.02 0.02

106 SI01 120 139.84 0.002 0.000 0.00 0.00 0.0206 0.0325

107 SI01 120 140.69 0.003 0.000 0.01 0.01

108 SI01 120 126.19 0.057 0.043 0.68 0.48over

109 SI01 110 131.89 0.000 -0.002 -0.03 -0.02 0.028 0.0316 0.0492

110 SI01 110 143.22 0.005 0.002 0.03 0.02

111 SI01 110 133.17 0.005 0.002 0.03 0.02

112 SI01 100 132.51 0.010 0.006 0.09 0.06 0.4531 0.4265

113 SI01 100 127.46 0.037 0.027 0.43 0.30over

114 SI01 100 132.12 0.008 0.004 0.07 0.05

115 SI01 90 134.4 0.139 0.099 1.59 1.11 1.579 1.2669

116 SI01 90 144.6 0.146 0.097 1.55 1.08

117 SI01 90 136.44 0.141 0.099 1.59 1.11

118 SI01 80 131.29 0.408 0.302 4.83 3.38 3.8479 2.7856

119 SI01 80 129.75 0.402 0.301 4.81 3.37

120 SI01 80 130.12 0.405 0.302 4.83 3.38

145 SI01 65 132.59 0.529 0.388 6.20 4.34 4.5157 3.2561

146 SI01 65 135.43 0.525 0.376 6.02 4.22

147 SI01 65 131.11 0.546 0.405 6.48 4.53

148B SI01 20 145.79 0.510 0.339 5.43 3.80 4.171 3.0363

149 SI01 20 133.28 0.492 0.359 5.74 4.02

150 SI01 20 130.6 0.494 0.368 5.88 4.12

151 SI01 10 140.19 0.536 0.371 5.94 4.16

152A SI01 10 132.25 0.539 0.396 6.34 4.44

153 SI01 10 130.43 0.517 0.385 6.16 4.31

154 SI01 2 139.84 0.844 0.587 9.39 6.57

155 SI01 2 140.69 0.799 0.552 8.83 6.18

156 SI01 2 126.19 0.847 0.654 10.46 7.32

157 SI03 134 131.89 0.000 -0.002 -0.03 -0.02 0.0057 0

158 SI03 134 143.22 0.000 -0.002 -0.03 -0.02

159 SI03 120 133.17 0.001 -0.001 -0.01 -0.01 0.0239 0.0217

160 SI03 120 132.51 0.003 0.001 0.01 0.01

161 SI03 110 127.46 0.001 -0.001 -0.01 -0.01 0.137 0.0422 0.0552

162 SI03 110 132.12 0.006 0.003 0.05 0.03

163 SI03 100 134.4 0.033 0.022 0.36 0.25 0.6719 0.5606

164 SI03 100 144.6 0.039 0.025 0.39 0.28

165 SI03 90 136.44 0.634 0.452 7.22 5.06 2.0343 1.523

166 SI03 90 131.29 0.253 0.186 2.98 2.09

167 SI03 80 129.75 0.411 0.308 4.92 3.44 3.7384 2.5872

168 SI03 80 130.12 0.419 0.313 5.00 3.50
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