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4. Sediment Hydrocarbons
Hydrocarbon concentrations at each East Azeri sample station were determined from 2 replicate sediment samples. Replicate values are given in Table 4.1 and Table 4.2 gives the range and average concentration recorded on previous surveys. GC chromatograms are presented in appendix 4 and full PAH data is given in appendix 5.  The following acronyms have been used:
· THC, referring to total hydrocarbons, excluding PAH and phenols

· TPH, referring total petroleum hydrocarbons, excluding PAH, phenols and LAO

· LAO, referring to a synthetic material, linear alpha olefin, used as a base fluid in drilling muds

Phenol concentrations were below the detection limit of 0.03 µg.g-1 at all stations except station 1 (0.46 µg.g-1), 5 (0.77 µg.g-1) and 12 (0.33 µg.g-1); between-replicate agreement at these stations for phenol was very good.

The concentrations of other hydrocarbon parameters were low or very low, compared to ACG contract area baseline data, and agreement between replicate values at each station was generally very good; the largest between-replicate differences were observed at stations 4, 9, 13 and 20.
Table 4.1 Replicate Hydrocarbon Concentrations East Azeri Survey 2010
	Station
	Replicate No
	THC

(µg.g-1)
	TPH  (µg.g-1)
	UCM (µg.g-1)
	% UCM
	LAO (µg.g-1)
	NPD

(ng.g-1)
	% NPD
	Total 2-6 ring PAH (ng.g-1)
	Total USEPA 16 PAH (ng.g-1)

	EAP 1001 
	1
	12.8
	12.8
	8.5
	67
	-
	27
	43.5
	62.1
	11.6

	
	2
	27.3
	27.3
	17.6
	64
	-
	56.2
	44.8
	125.5
	26.6

	EAP 1002
	1
	21.2
	21.2
	15.7
	74
	-
	39.8
	44.9
	88.6
	16.4

	
	2
	21.6
	21.6
	14.3
	66
	-
	42.1
	43.6
	96.6
	18.8

	EAP 1003
	1
	28.2
	28.2
	19
	67
	-
	54.9
	44.6
	123
	22.5

	
	2
	18.6
	18.6
	11.6
	62
	-
	38.1
	43.1
	88.5
	19.5

	EAP 1004
	1
	46.5
	36.1
	30.9
	86
	10.5
	71
	43
	164.8
	34.8

	
	2
	21.1
	14.9
	13.1
	88
	6.2
	31
	45.7
	66.7
	15.6

	EAP 1005
	1
	32.6
	23.5
	19.7
	84
	9.1
	47
	49.8
	94.1
	14.7

	
	2
	44.5
	35
	28.6
	82
	9.6
	69
	44.8
	153.4
	31.9

	EAP 1006
	1
	1.9
	1.9
	0.9
	46
	-
	1.4
	27.5
	5.1
	0.5

	
	2
	6.8
	6.8
	4.4
	64
	-
	15.2
	48.3
	31.5
	4.4

	EAP 1007
	1
	3.5
	3.5
	2
	55
	-
	9.2
	44.2
	20.8
	3.5

	
	2
	7.7
	7.7
	4.4
	57
	-
	12.9
	45.1
	28.6
	3.9

	EAP 1008
	1
	5.3
	5.3
	2.8
	52
	-
	11.28
	53
	21.3
	2.8

	
	2
	8.8
	6.7
	4.7
	71
	2.1
	13
	51
	26.3
	3.3

	EAP 1009
	1
	28
	28
	17.9
	64
	-
	41.7
	39.3
	106
	25.2

	
	2
	65.7
	60.1
	44.3
	74
	5.6
	107.7
	45.7
	235.9
	46.9


Table 4.1 (Continued) Replicate Hydrocarbon Concentrations East Azeri Survey 2010

	Station
	Replicate No
	THC

(µg.g-1)
	TPH  (µg.g-1)
	UCM (µg.g-1)
	% UCM
	LAO (µg.g-1)
	NPD

(ng.g-1)
	% NPD
	Total 2-6 ring PAH (ng.g-1)
	Total EPA 16 PAH (ng.g-1)

	EAP 1010
	1
	17.7
	17.7
	12.3
	70
	-
	36.5
	49.7
	73.5
	12.8

	
	2
	21.4
	21.4
	14.5
	68
	-
	44.5
	48.6
	91.5
	17.7

	EAP 1011
	1
	3.8
	3.8
	2.4
	62
	-
	10.8
	49.3
	21.9
	2.3

	
	2
	16.3
	16.3
	12.5
	77
	-
	19
	40.9
	46.4
	8.7

	EAP 1012 
	1
	5
	5
	3.2
	64
	-
	10.9
	40.2
	27.1
	7.6

	
	2
	2.2
	2.2
	1
	46
	-
	8.2
	51.3
	16
	2.3

	EAP 1013
	1
	22.9
	19.4
	14.9
	77
	3.5
	22.5
	45.3
	49.7
	8.5

	
	2
	45.1
	37.6
	29.5
	78
	7.5
	31.8
	47.2
	67.4
	12.6

	EAP 1014
	1
	7.5
	6.5
	4.6
	70
	1.1
	16.8
	45.9
	36.6
	4.3

	
	2
	17.6
	16.6
	10.7
	65
	1.1
	29.4
	46.5
	63.2
	12.8

	EAP 1015
	1
	20
	20
	13.3
	67
	-
	41.8
	45.6
	91.7
	17.5

	
	2
	12.1
	12.1
	7.5
	62
	-
	23
	45
	51.1
	10.3

	EAP 1016
	1
	12.2
	12.2
	8.3
	68
	-
	32
	44.3
	72.2
	12.5

	
	2
	14
	14.4
	9
	66
	-
	34
	45.4
	74.9
	13.4

	EAP 1017
	1
	5.2
	5.2
	2.8
	54
	-
	22.1
	51
	43.3
	5.3

	
	2
	5
	5
	2.9
	58
	-
	18.6
	46.4
	40.1
	5.6

	EAP 1018
	1
	27.8
	27.8
	19.3
	70
	-
	51.5
	44.5
	115.7
	22.5

	
	2
	10.5
	10.5
	7
	67
	-
	43.4
	50.5
	86
	14.3

	EAP 1019
	1
	28.7
	28.7
	19.1
	66
	-
	56
	43.2
	129.6
	25

	
	2
	7.2
	7.2
	4.5
	63
	-
	14.1
	42.5
	33.2
	5.7

	EAP 1020
	1
	6.5
	6.5
	4
	62
	-
	20
	46.4
	43.1
	7.7

	
	2
	30.2
	30.2
	21.2
	70
	-
	59.9
	46.8
	127.9
	22.5

	EAP 1021
	1
	8.6
	8.6
	5.3
	62
	-
	14.3
	40.7
	35.1
	4

	
	2
	4.5
	4.5
	2.7
	60
	-
	7.3
	36.3
	20.1
	1.8

	Min
	1.9
	1.9
	0.9
	46.2
	1.1
	1.4
	27.5
	5.1
	0.5

	Max
	65.7
	60.1
	44.3
	88
	10.5
	107.7
	53
	235.9
	46.9

	Median
	15.4
	14.6
	10.1
	66.4
	5.9
	30
	45.2
	65
	12.5

	Average
	18
	16.6
	11.7
	66.6
	5.6
	32.3
	45.1
	71.3
	13.3

	St Dev
	14.11
	12.29
	9.5
	9.26
	3.55
	21.5
	4.43
	47.86
	10.19

	CV
	79%
	74%
	81%
	14%
	63%
	67%
	10%
	67%
	76%


Table 4.2 compares summary statistics for all surveys between 2002 and 2010.  The range and average LAO concentrations have progressively declined between 2006 and 2010, but this material has consistently been present in low concentrations at 5-7 stations, and has now persisted for more than 6 years.  The range and average value for total petroleum hydrocarbons is greater than in 2008, but is similar to the data from 2006 and 2002; there does not appear to be any consistent trend, suggesting that there is an approximate equilibrium.  There has also been little overall systematic variation in the range or average values for unresolved material, which would also suggest a state of equilibrium and an absence of localised inputs.
The data for PAHs (2-6 ring and EPA 16) similarly shows no overall trend in range or average values, and the percentage of 2-6 ring PAH represented by NPDs has remained fairly constant at an average of 45-50%.

Table 4.2 Range of Hydrocarbon Concentrations East Azeri Surveys 2010, 2008, 2006 & 2002
	 
	LAO (µg.g-1)
	
	 
	TPH (THC Less LAO) (µg.g-1)

	 
	Min
	Mean
	Max
	Freq
	
	 
	Min
	Mean
	Max
	%CV

	2010
	1.1
	5.6
	10.5
	6
	
	2010
	1.9
	16.6
	60.9
	74

	2008
	1
	9
	24
	5
	
	2008
	<2.5
	12
	32
	62

	2006
	2.7
	21
	114
	7
	
	2006
	4
	23
	65
	74

	2002
	Baseline survey, no LAO present
	
	2002
	<2.5
	14
	69
	122

	
	
	
	
	
	
	
	
	
	
	

	 
	% UCM of TPH
	
	 
	Total 2-6 ring PAH (ng.g-1)

	 
	Min
	Mean
	Max
	%CV
	
	 
	Min
	Mean
	Max
	%CV

	2010
	46
	66
	88
	14
	
	2010
	5.1
	71
	236
	67

	2008
	66
	72
	92
	7
	
	2008
	19
	77
	173
	50

	2006
	34
	62
	72
	13
	
	2006
	26
	129
	295
	65

	2002
	46
	68
	78
	13
	
	2002
	11
	50
	190
	80

	
	
	
	
	
	
	
	
	
	
	

	 
	Total EPA 16 PAH (ng.g-1)
	
	 
	% NPD

	 
	Min
	Mean
	Max
	%CV
	
	 
	Min
	Mean
	Max
	%CV

	2010
	0.5
	13
	47
	76
	
	2010
	27
	45
	53
	10

	2008
	2
	14
	37
	59
	
	2008
	35
	41
	55
	11

	2006
	4
	26
	69
	68
	
	2006
	39
	49
	76
	13

	2002
	3
	12
	47
	81
	
	2002
	33
	50
	64
	16

	
	
	
	
	
	
	
	

	 
	Phenol (µg.g-1)
	
	
	
	
	
	

	 
	Min
	Mean
	Max
	%CV
	
	
	
	
	
	

	2010
	Insufficient data to calculate statistics
	
	
	
	
	
	

	2008
	<0.03
	0.37
	1.92
	127
	
	
	
	
	
	

	2006
	<0.03
	0.19
	1.50
	183
	
	
	
	
	
	

	2002
	NA
	NA
	NA
	NA
	
	
	
	
	
	


ND: Not detected

NA: No Analysis
4.1. LAO linear Alpha Olefins

Although absent at most stations,  linear alpha olefins (LAO) were detected at stations  4 (2 replicates), 5 (2 replicates), 8 (1 replicate), 9 (1 replicate), 13 (2 replicates) and 14 (2 replicates).  In 2008, LAO was detected at stations 5, 8, 13, 14 and 21.   Stations 4 and 9 are adjacent to station 5; the presence of LAO at these stations in 2010 might indicate either bedload transport or might simply reflect sampling uncertainty and patchiness in the general area of these stations.  The latter is more probable, as seabed currents are generally too low and variable to transport material once it has settled to the seabed
Table 4.2 gives the range and mean LAO concentrations (based only on those stations where it was present), and the frequency of occurrence on previous surveys. LAO was first detected on the post drill survey of 2006 and was present at 7 stations with a maximum of 114 µg.g-1. LAO was present at 5 stations in 2008 with a maximum of 24 µg.g-1, and was present at 6 stations in 2010,  with a maximum concentration of 10.5 μg.g-1.
Table 1.1 gives the drilling discharge data which indicates that only water based drilling fluid (which does not contain LAO) was discharged between 2006 and 2010. 

4.2. Total Petroleum Hydrocarbons

The concentration of TPH was low throughout the survey area and ranged from 1.9μg.g-1 at station 6 to a maximum of 60.1μg.g-1 at station 9. The median and mean concentrations were 14.6 and 16.6 μg.g-1 respectively. The 2010 maximum concentration is higher than the results from the 2008 survey, but similar in magnitude to all previous surveys. The 2010 average lies in the middle of the range of average values for all surveys.
Weathered hydrocarbons are often characterised by a ‘hump’ in the GC chromatogram (Appendix 4), representing a complex mixture of unresolved components (UCM). UCM represented a relatively constant proportion of THC (excluding LAO) and was indicative of weathered material being present throughout the survey area, ranging from 46-88% with a mean of 66%.  Percent UCM was overall slightly lower than in 2008, but was very similar to the values reported for the 2002 baseline survey and the 2006 post-installation survey.
The spatial distribution of average TPH concentrations is given in figure 4.1 below. As noted the THC concentrations throughout the survey area were low or very low. The distribution of average concentrations indicates that stations in the south-western quadrant of the survey area have the lowest average concentrations, as was also the case in 2008. Higher average concentrations were present at stations 1, 4, 5 & 9 located ~500m N, NE & NNE of the platform position – and station 13, located 250m SE of the platform.
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Figure 4.1 TPH and LAO Distribution Plots
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Figure 4.1 (Continued)  THC and LAO Distribution Plots
4.3. Polynuclear Aromatic Hydrocarbons 

As with THC and TPH, PAH concentrations were low or very low in a regional baseline context.

The distribution plots for average 2-6 ring PAH and USEPA16 PAH are given in figure 4.2 below. Both PAH distribution plots are similar and exhibit strong similarities to the distribution of average THC concentrations, with lower concentrations at stations 6, 7, 11, 12 and 15  in the south-western quadrant and higher concentrations at  stations 1, 5 and 9 located ~500m N, NE and NNE.  The patterns observed in 2010 were very similar to those reported for 2008.
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Figure 4.2  2-6 Ring PAH & USEPA16 PAH Distribution Plots
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Figure 4.2  (Continued) 2-6 Ring PAH & USEPA16 PAH Distribution Plots
4.4. Phenols

As noted above, phenol concentrations were below the limit of detection at all but three stations; 1 and 5, located about 500m NE of the platform, and 12, located about 300m SW of the platform.  Concentrations at these three stations were low compared to previous surveys.  
4.5. Relationship between Hydrocarbon Parameters

The relationship between measured parameters was tested by a correlation analysis of the replicate data, the results are presented in table 4.3. 
Table 4.3
Correlation between Replicate Hydrocarbon Concentrations, East Azeri Survey, 2010
	 
	THC
	TPH
	UCM
	%UCM
	LAO
	NPD
	% NPD
	2-6 PAH
	EPA PAH

	THC
	1.00
	
	
	
	
	
	
	
	

	TPH
	0.98
	1.00
	
	
	
	
	
	
	

	UCM
	1.00
	0.99
	1.00
	
	
	
	
	
	

	%UCM
	0.68
	0.61
	0.68
	1.00
	
	
	
	
	

	LAO
	0.68
	0.55
	0.65
	0.73
	1.00
	
	
	
	

	NPD
	0.90
	0.92
	0.91
	0.55
	0.46
	1.00
	
	
	

	% NPD
	0.03
	0.01
	0.02
	0.14
	0.10
	0.11
	1.00
	
	

	2-6 PAH
	0.90
	0.93
	0.91
	0.55
	0.45
	1.00
	0.05
	1.00
	

	EPA PAH
	0.90
	0.93
	0.91
	0.54
	0.46
	0.97
	-0.01
	0.99
	1.00


THC, TPH, UCM, NPD and PAHs were all strongly positively intercorrelated, whilst these parameters were more weakly positively correlated with LAO.
4.6. Comparison to Previous East Azeri Survey Data
The station average hydrocarbon data for 2002, 2006, 2008 and 2010 are presented in table 4.4.
LAO was detected at 6 stations in 2010, compared to five in 2008 and seven in 2006; however, the main area within which the material was observed has (with the exception of station 21 at the edge of the survey area) remained constant, and is consistent with the source of the material being a spill (as reported) of drilling mud from the rig during pre-drill operations.  Concentrations appear to be progressively but slowly declining.
NPD as a proportion of PAH and UCM as a proportion of THC have remained relatively unchanged at the majority of stations. Any changes have resulted in a slightly lower NPD and slightly higher UCM proportions, indicating continued weathering of the hydrocarbons present and the lack of any fresh point-source inputs of petroleum based hydrocarbons at any of the stations between surveys.  The lowest percent UCM values were associated with very low THC concentrations; these values have a comparatively high uncertainty, as they represent the ratio between two small values which are close to the instrumental ‘noise’ level and therefore have a low level of precision.
As noted above, phenol was detected only at 3 stations in 2010, and at very low concentrations compared to previous surveys.
Overall, there is no substantial difference between 2008 and 2010 in respect of any hydrocarbon parameter, and no consistent trends are evident.  Concentrations of all parameters are consistent with typical ACG contract area baseline conditions.  The limited variation and lack of trend in %UCM and %NPD would suggest that the area in general is subject to regular or continuous exposure to low levels of weathered hydrocarbons from one or more diffuse sources – these might include shallow seeps, contamination from inundated coastal oilfields, mud volcanoes, and emissions from regional shipping.
Table 4.4
Average Hydrocarbon Concentrations, East Azeri Survey; 2002, 2006, 2008 and 2010.
	Station
	LAO 
(µg.g-1)
	THC (Less LAO) 
(µg.g-1)
	UCM %
	Total 2-6 ring PAH 
(ng.g-1)

	 
	2006
	2008
	2010
	2002
	2006
	2008
	2010
	2002
	2006
	2008
	2010
	2002
	2006
	2008
	2010

	1
	 
	 
	 
	35.8
	40
	26
	20
	69.6
	65
	74
	65
	105.2
	225
	114
	94

	2
	 
	
	 
	6.1
	25
	13
	21
	62
	63
	72
	70
	32.5
	131
	65
	93

	3
	 
	 
	 
	8.9
	50
	13
	23
	69.5
	64
	73
	65
	31.8
	250
	63
	106

	4
	11
	
	8
	24.9
	42
	18
	25
	72.6
	68
	72
	87
	65.4
	228
	88
	116

	5
	4
	2
	9
	25.1
	62
	21
	29
	74.9
	68
	72
	83
	79.1
	295
	104
	124

	6
	 
	
	 
	13.7
	7
	6
	4
	77.7
	56
	69
	55
	58.6
	34
	36
	18

	7
	 
	 
	 
	9.7
	19
	8
	6
	71
	63
	71
	56
	40.2
	85
	46
	25

	8
	7
	2
	1
	5.8
	22
	10
	6
	73.6
	65
	72
	62
	30.4
	110
	64
	24

	9
	11
	 
	3
	 
	25
	19
	44
	 
	59
	72
	69
	 
	131
	122
	171

	10
	 
	
	 
	7.6
	11
	14
	20
	66.5
	61
	71
	69
	28.5
	47
	92
	83

	11
	 
	 
	 
	2.9
	5
	7
	10
	60.1
	ND
	70
	70
	19.1
	28
	37
	34

	12
	 
	
	 
	29.9
	4
	3
	4
	67
	ND
	ND
	55
	67.1
	51
	33
	22

	13
	3
	12
	6
	2.8
	11
	10
	29
	64.2
	71
	81
	78
	27.8
	79
	80
	59

	14
	87
	15
	1
	8.1
	21
	11
	12
	67.1
	48
	89
	68
	49.8
	134
	95
	50

	15
	 
	 
	 
	6.6
	16
	4
	16
	64
	64
	ND
	65
	48.1
	92
	45
	71

	16
	 
	
	 
	
	38
	7
	13
	
	68
	69
	67
	
	211
	53
	74

	17
	 
	 
	 
	 
	6
	12
	5
	 
	43
	66
	56
	 
	124
	57
	42

	18
	 
	
	 
	
	12
	6
	19
	
	58
	69
	68
	
	73
	84
	101

	19
	 
	 
	 
	 
	24
	15
	18
	 
	64
	72
	65
	 
	123
	123
	81

	20
	 
	
	 
	
	9
	10
	18
	
	66
	74
	66
	
	64
	122
	86

	21
	15
	1
	 
	 
	23
	10
	7
	 
	65
	70
	61
	 
	196
	96
	28


Table 4.4 (Continued)
Average Hydrocarbon Concentrations, East Azeri Survey; 2002, 2006, 2008 and 2010.
	Station
	NPD%
	Total EPA 16 PAH 
(µg.g-1)

	 
	2002
	2006
	2008
	2010
	2002
	2006
	2008
	2010

	1
	46
	54
	41
	44
	26
	42
	25
	19

	2
	54.4
	50
	41
	44
	6.6
	27
	15
	18

	3
	53.4
	46
	41
	44
	7.7
	52
	13
	21

	4
	44.9
	46
	43
	44
	14.5
	48
	19
	25

	5
	43.6
	45
	43
	47
	17.9
	67
	18
	23

	6
	46.2
	46
	41
	38
	13.6
	6
	7
	2

	7
	56.3
	47
	39
	45
	8.3
	20
	9
	4

	8
	53.2
	47
	43
	52
	6.4
	24
	19
	3

	9
	 
	49
	45
	42
	 
	33
	28
	36

	10
	49.9
	51
	49
	49
	7.5
	14
	20
	15

	11
	59
	44
	41
	45
	4.4
	5
	6
	5

	12
	52.8
	50
	39
	46
	14
	13
	7
	5

	13
	45.7
	52
	47
	46
	9.1
	14
	10
	11

	14
	44.6
	59
	46
	46
	15.7
	28
	16
	9

	15
	53.6
	52
	38
	45
	9.6
	19
	6
	14

	16
	
	45
	37
	45
	
	44
	7
	13

	17
	 
	51
	42
	49
	 
	23
	9
	5

	18
	
	46
	39
	47
	
	14
	13
	18

	19
	 
	43
	36
	43
	 
	28
	24
	15

	20
	
	48
	39
	47
	
	12
	19
	15

	21
	 
	62
	36
	39
	 
	27
	15
	3
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