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5. Metals in Sediments

5.1. Results

Metal concentrations at each Central Azeri sample station were determined from 2 replicate sediment samples. Replicate values are given in Table 5.1. Tables 5.2 to 5.11 gives the range median and mean for each element recorded on previous Central Azeri surveys.  Figures 5.1 to 5.10 presents contour plots for each metal, for 2008 and 2010.
Table 5.1 Replicate Metal Concentrations Central Azeri Survey 2010 (μg.g-1)
	Station
	Rep
	Concentration of Metals

	
	
	As
	Ba
	Ba Fusion
	Cd
	Cr
	Cu
	Hg
	Fe
	Mn
	Pb
	Zn

	CA 1001 
	1
	14.3
	4,654
	6,133
	1.05
	51.6
	24.7
	0.086
	28,688
	461
	17.8
	62.6

	
	2
	9.5
	4,732
	5,449
	0.97
	39.9
	20.3
	0.179
	24,882
	385
	13.8
	50.5

	CA 1002
	1
	8.8
	5,659
	6,350
	1.12
	39.5
	21.0
	0.043
	22,367
	408
	11.2
	48.1

	
	2
	2.3
	2,485
	3,374
	0.68
	46.4
	20.6
	0.030
	22,309
	356
	9.1
	46.8

	CA 1003
	1
	13.0
	3,632
	4,649
	0.85
	35.7
	20.3
	0.042
	21,275
	360
	11.7
	44.2

	
	2
	17.8
	14,082
	14,549
	1.50
	58.6
	28.7
	0.076
	26,888
	549
	23.9
	68.4

	CA 1004
	1
	21.9
	6,904
	7,511
	1.01
	45.3
	19.1
	0.074
	26,425
	468
	15.9
	50.6

	
	2
	14.8
	6,293
	7,984
	1.01
	43.3
	21.5
	0.043
	24,602
	454
	13.6
	48.8

	CA 1005
	1
	1.6
	2,984
	3,537
	0.82
	61.8
	24.9
	0.034
	28,864
	401
	11.3
	63.9

	
	2
	9.9
	4,391
	5,347
	1.01
	53.6
	23.3
	0.048
	28,776
	414
	14.3
	60.7

	CA 1006
	1
	17.0
	11,266
	37,039
	1.94
	54.5
	33.6
	0.065
	26,402
	518
	27.0
	66.3

	
	2
	16.1
	9,693
	14,473
	1.40
	37.5
	17.9
	0.042
	22,842
	357
	17.0
	46.5

	CA 1008
	1
	10.9
	4,243
	5,246
	0.67
	57.6
	27.2
	0.161
	26,567
	553
	12.7
	64.4

	
	2
	17.8
	2,666
	3,547
	0.41
	62.5
	26.7
	0.081
	34,170
	484
	11.3
	73.4

	CA 1009
	1
	12.7
	21,851
	30,814
	2.13
	40.9
	26.4
	0.118
	25,148
	365
	22.9
	84.6

	
	2
	7.2
	6,364
	8,853
	1.10
	44.3
	26.4
	0.070
	21,985
	357
	14.0
	55.6

	CA 1010
	1
	12.8
	3,756
	5,931
	0.52
	36.9
	12.3
	0.095
	24,093
	337
	12.2
	44.4

	
	2
	19.2
	3,773
	4,713
	0.70
	33.6
	9.9
	0.087
	22,387
	326
	12.7
	39.9

	CA 1011
	1
	4.2
	5,089
	7,160
	0.20
	39.2
	20.5
	0.112
	22,550
	428
	13.3
	46.2

	
	2
	5.5
	2,869
	4,565
	0.52
	56.1
	27.5
	0.100
	25,654
	445
	9.5
	59.3

	CA 1012
	1
	13.8
	5,792
	7,252
	0.43
	36.6
	21.0
	0.041
	21,606
	380
	13.0
	46.5

	
	2
	21.0
	3,797
	4,683
	0.83
	35.7
	19.2
	0.030
	21,758
	333
	12.2
	41.7

	CA 1013
	1
	18.7
	3,914
	5,828
	0.85
	42.5
	22.3
	0.046
	23,682
	390
	13.2
	52.0

	
	2
	13.5
	4,443
	6,271
	0.73
	37.1
	17.6
	0.028
	23,031
	377
	14.7
	49.2

	CA 1014
	1
	11.4
	4,980
	6,700
	0.67
	62.2
	27.3
	0.025
	28,562
	428
	14.5
	66.5

	
	2
	17.4
	2,973
	4,783
	0.26
	50.4
	21.7
	0.049
	24,269
	377
	9.6
	53.6

	CA 1015
	1
	10.7
	23,245
	35,565
	2.52
	48.3
	28.7
	0.040
	24,116
	410
	24.2
	59.0

	
	2
	7.8
	25,037
	45,636
	2.34
	40.0
	25.1
	0.035
	22,911
	386
	26.5
	59.5


Table 5.1 Replicate Metal Concentrations Central Azeri Survey 2010 (μg.g-1)

	Station
	Rep
	Concentration of Metals

	
	
	As
	Ba
	Ba Fusion
	Cd
	Cr
	Cu
	Hg
	Fe
	Mn
	Pb
	Zn

	CA 1016
	1
	10.8
	7,805
	13,224
	1.27
	51.7
	28.5
	0.039
	27,926
	384
	17.0
	62.8

	
	2
	22.3
	8,210
	14,289
	0.40
	35.6
	22.5
	0.036
	22,758
	342
	16.3
	49.8

	CA 1017
	1
	17.8
	6,056
	6,236
	0.47
	50.6
	24.3
	0.027
	27,476
	409
	13.6
	56.0

	
	2
	12.6
	8,900
	10,842
	0.85
	51.8
	22.9
	0.027
	25,514
	414
	15.8
	56.1

	CA 1018
	1
	3.7
	5,516
	7,424
	0.75
	35.4
	17.5
	0.035
	19,828
	368
	10.7
	42.6

	
	2
	15.0
	9,955
	15,092
	0.57
	35.3
	17.3
	0.047
	19,694
	359
	13.3
	44.5

	CA 1019
	1
	14.8
	4,743
	6,633
	0.86
	42.7
	20.8
	0.030
	22,086
	363
	13.0
	45.5

	
	2
	10.5
	5,738
	8,595
	1.11
	34.3
	13.6
	0.026
	19,754
	342
	11.2
	39.5

	CA 1020
	1
	5.2
	4,200
	5,236
	1.23
	34.2
	18.4
	0.031
	20,123
	348
	8.7
	39.6

	
	2
	10.6
	2,964
	3,922
	0.38
	48.1
	21.5
	0.039
	25,365
	385
	13.4
	142.4

	CA 1021
	1
	37.9
	2,470
	3,401
	0.41
	62.2
	26.4
	0.030
	42,285
	768
	14.3
	64.4

	
	2
	8.3
	3,415
	4,418
	0.52
	57.9
	29.6
	0.031
	28,084
	481
	11.9
	58.9

	CA 1022
	1
	17.6
	7,974
	10,503
	0.53
	49.4
	27.3
	0.077
	26,008
	503
	15.5
	61.4

	
	2
	16.1
	5,244
	7,710
	0.92
	39.8
	19.5
	0.061
	23,931
	390
	14.6
	45.8

	Minimum
	 
	1.6
	2470
	3374
	0.20
	33.6
	9.9
	0.02
	19694
	326
	8.7
	39.5

	Maximum
	 
	37.9
	25037
	45636
	2.52
	62.5
	33.6
	0.18
	42285
	768
	27.0
	142.4

	Median
	 
	12.9
	5035
	6491
	0.84
	43.8
	22.0
	0.04
	24192
	388
	13.5
	52.8

	Average
	 
	13.2
	6780
	10035
	0.92
	45.7
	22.5
	0.06
	24944
	413
	14.6
	56.3

	Standard Deviation
	 
	6.54
	5304
	9635
	0.53
	9.15
	4.89
	0.04
	4085
	80.46
	4.40
	16.95

	CV
	 
	50%
	78%
	96%
	58%
	20%
	22%
	62%
	16%
	19%
	30%
	30%


Overall, replicate agreement was moderate to good for most elements at 19 of the 21 stations, with poor agreement only at stations 3 and 9.  The most consistent between-replicate differences were observed for barium, lead, arsenic and iron.  
5.1.1. Arsenic

Replicate arsenic concentrations ranged from 1,6 μg.g-1 at station 5R1 to 37.9 8 μg.g-1 at station 21R1. The median and mean concentrations were 13.2 and 12.9 μg.g-1 respectively and variation between samples was moderate with a CV of 50%.  At stations where high arsenic concentrations were observed, this was associated with only one replicate; in each case, concentrations in the corresponding replicate were low.  Figure 5.1 shows that the pattern of distribution differs between 2008 and 2010, although both surveys feature higher concentrations around stations 4 and 21.
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Figure 5.1  Comparison of spatial patterns in arsenic concentration, 2008 and 2010
Table  5.2 summarises the range, mean and coefficient of variation in arsenic concentrations over the series of surveys between 1998 and 2010.  There has been no distinctive trend since 2004.  This, together with the evidence from Figure 5.1 that spatial patterns are patchy and of limited consistency, suggests that there have been no systematic changes over time, and that arsenic concentrations are not observably influenced by platform operations.
Table 5.2  Overall trends in arsenic concentrations, 1998-2010

	
	Min
	Mean
	Max
	CV

	2010
	1.6
	13.2
	37.9
	50

	2008
	5.1
	9.9
	34.8
	55

	2006
	4.1
	11.2
	27.8
	50

	2004
	5.0
	11.4
	32.8
	55

	2001
	2.0
	6.0
	15.0
	64

	1998
	Not measured


5.1.2. Barium

Analysis for total barium (fusion) was carried out to identify the extent of contamination from drilling discharges as barite in drilling fluids interferes with the determination of HNO3 extracted Ba. In general HNO3 extracted Ba as a % of total Ba was high, averaging 74%. 
Replicate Ba fusion concentrations ranged from 3374 μg.g-1 to 45636 μg.g-1. The respective median and mean concentrations were 6,491 and 10035 μg.g-1 and the CV was high at 96%. 

Replicate HNO3 extracted Ba ranged from 2470 μg.g-1 to 25037 μg.g-1. The median and mean concentrations were 5035 and 6780 respectively and the %CV of 78 indicates a large variation between samples.


For both forms of Ba, Figure 5.2 indicates the presence of a distinct footprint around the platform, with the highest concentrations, in both 2008 and 2010, extending to the NW and SE of the platform.  A notable difference between the surveys is that concentrations are lower in 2010 at station 17.  However, a common feature is that in both surveys concentrations are high at stations 6, 9 and 15,
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Figure 5.2  Comparison of spatial patterns in barium concentration, 2008 and 2010
Table 5.3  Overall trends in barium concentrations, 1998-2010
	
	Ba HNO3
	Ba Total

	
	Min
	Mean
	Max
	CV
	Min
	Mean
	Max
	CV

	2010
	2470
	6780
	25037
	78
	3374
	10035
	45636
	96

	2008
	900
	6339
	19000
	71
	1250
	8584
	26600
	79

	2006
	1030
	9200
	24800
	69
	1100
	10651
	29300
	68

	2004
	1165
	6424
	23607
	83
	1430
	9829
	33300
	82

	2001
	2993
	6956
	9678
	24
	Not measured


Table 5.3 (Cont) Overall trends in barium concentrations, 1998-2010

	
	Ba HNO3
	Ba Total

	
	Min
	Mean
	Max
	CV
	Min
	Mean
	Max
	CV

	1998
	1450
	2183
	2760
	24
	Not measured


Table 5.3 summarises the trends in coefficient of variation and in minimum, mean and maximum concentrations over time.  Whilst there has been no consistent trend in minimum or mean values, it is clear that maximum concentrations increased markedly between 2001 (baseline survey) and 2004 (first post-operational survey), and remained high thereafter.  An equally marked increase in variability coincided with the increase in maximum concentrations, reflecting the effect of barite deposition following the discharge of water-based mud on cuttings during drilling operations.  There is, however, no evidence of any progressive increase in maximum concentrations between 2004 and 2010, indicating that the barite footprint is both restricted and stable.
5.1.3. Cadmium

Cadmium concentrations ranged from 0.2 to 2.52 μg.g-1, with median and mean values of 0.84 and 0.92 μg.g-1.  The coefficient of variation was 58%, indicating that variation was higher than would be expected on the basis of normal sampling and analytical uncertainty.  As with barium, the distribution of concentrations indicated a patch of higher levels around the platform at stations 6, 9, and 15.
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Figure 5.3 Comparison of spatial patterns in cadmium concentration, 2008 and 2010
Table 5.4  Overall trends in cadmium concentrations, 1998-2010
	
	Min
	Mean
	Max
	CV

	2010
	0.2
	0.92
	2.52
	58

	2008
	0.13
	0.36
	0.75
	39

	2006
	0.07
	0.43
	0.87
	43

	2004
	0.1
	0.17
	0.24
	21

	2001
	0.24
	0.54
	0.73
	28

	1998
	0.19
	0.23
	0.26
	9


Table 5.4 summarises the trends in CV, minimum, mean and maximum cadmium concentrations over time.  Between 1998 and 2008 there was no systematic trend in concentration; the highest mean value for this period was recorded in the 2001 baseline survey.  However, the coefficient of variation increased over this period from 9% to around 40%.  In 2010, the minimum, mean and maximum concentrations were all substantially higher than in 2008, and the coefficient of variation was also substantially higher.  This indicates, when considered together with Figure 5.3, that concentrations at stations close to the platform have increased over the past two years.
5.1.4. Chromium
Chromium concentrations ranged from 33 to 62 μg.g-1, with median and mean values of 43.8 and 45.7 μg.g-1. The coefficient of variation was 20%, suggesting that there was little systematic variation.  Figure 5.4 shows that the distribution of values differed between 2008 and 2010, with relatively high concentrations at stations 14 and 21 a common feature.  The apparently high concentration at station 22 in 2008 reflected a high value in one replicate only; the 2010 results are similar to those for the second replicate at that station, and suggest that the differences are a result of natural sampling variability.  
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Figure 5.4  Comparison of spatial patterns in chromium concentration, 2008 and 2010
Table 5.5 summarises the CV and minimum, mean and maximum concentrations observed in surveys between 1998 and 2010.  Coefficients of variation have remained low, and relatively stable, between 2001 and 2010.  Whilst minimum concentrations have also been quite constant over the majority of the surveys,  mean concentrations were around 30 μg.g-1(+/- 5) in the 1998-2004 surveys, then rose to about 45 μg.g-1 (+/- 5) in 2006-2010.  The trend for maximum concentrations is different, with a steady increase from about 40 μg.g_1 in 1998 to 80 ug-1 in 2008.  Maximum concentration in 2010 was somewhat lower, at 62 μg.g-1.  Given the low coefficients of variation within surveys, the large fluctuations in concentration between surveys are difficult to account for.  The spatial patterns do not indicate an association with platform operations.
Table 5.5  Overall trends in chromium concentrations, 1998-2010
	
	Min
	Mean
	Max 
	CV

	2010
	33.6
	45.7
	62.5
	20

	2008
	32.1
	48
	80.9
	21

	2006
	26.3
	40.6
	66.2
	25

	2004
	22.5
	34.4
	51
	19

	2001
	18.9
	27.1
	41.9
	19

	1998
	29.6
	34.9
	41.1
	9


5.1.5. Copper
Copper concentrations ranged from 9.9 to 33.6 μg.g-1, with median and mean values of 22 and 22.5 μg.g-1.  The coefficient of variation was 22%, suggesting that there was little systematic variation.  Figure 5.5 illustrates the spatial distribution of concentrations in 2008 and 2010. While these show some similarities in overall pattern, there is no clear match from year to year with respect to the location of the highest concentrations.  In 2010, the highest concentrations appear to be at stations close to the platform, but also at station 21, at the southern edge of the survey area.
Table 5.6 summarises trends in the coefficient of variation, and minimum, mean and maximum concentrations between 1998 and 2010. Coefficients of variation have been low in all surveys, indicating an absence of systematic variation.  There has been no marked overall trend in minimum, mean or maximum concentration between 2006 and 2010.
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Figure 5.5  Comparison of spatial patterns in copper concentration, 2008 and 2010
Table 5.6  Overall trends in copper concentrations, 1998-2010
	
	Min
	Mean
	Max
	CV

	2010
	9.9
	22.5
	33.6
	22

	2008
	14
	22.9
	34
	19

	2006
	10.1
	21.3
	33.9
	24

	2004
	8.8
	19.1
	35.2
	36

	2001
	13.7
	18
	20.9
	11

	1998
	19.8
	24.7
	30.3
	13


5.1.6. Mercury
Mercury concentrations ranged from 0.02 to 0.18 μg.g-1, with a median and mean of 0.04 and 0.06 μg.g-1.  The coefficient of variation of 62% was sufficiently high to indicate real variation across the survey area.

Figure 5.6 illustrates the spatial distribution of concentrations in 2008 and 2010.  The patterns are quite different in some respects. Of the stations with relatively high concentrations in 2008 (1, 6, 12, 17), only one (station 1) also has relatively high concentration in 2010.  In contrast, some stations at which relatively low concentrations were observed in 2008 (10, 11, 8, 9) had relatively high concentrations in 2010.
Table 5.7 summarises the CV and minimum, mean, and maximum concentrations in each survey between 1998 and 2010.  Coefficients of variation were low in the 1998 and 2001 baseline surveys (20%), increased to 30-40% in the 2004-2008 surveys, and increased again to 62% in the 2010 survey.  No clear trend is apparent, however, in the concentration parameters; whilst the 2008 values are similar to the baseline values, much higher values (3-5 times baseline levels) occur in the 2004 and 2010 surveys.
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Figure 5.6  Comparison of spatial patterns in mercury concentration, 2008 and 2010
Table 5.7  Overall trends in mercury concentrations, 1998-2010
	
	Min
	Mean
	Max
	CV

	2010
	0.02
	0.06
	0.18
	62

	2008
	0.016
	0.036
	0.063
	32

	2006
	0.015
	0.036
	0.082
	40

	2004
	0.05
	0.13
	0.28
	41

	2001
	0.019
	0.03
	0.041
	20

	1998
	0.04
	0.05
	0.06
	20


5.1.7. Iron
Iron concentrations ranged from 19694 go 42285 μg.g-1, with median and average values of 24192 and 24944 μg.g-1 respectively.  The coefficient of variation was low (16%), suggesting that there was little systematic variation over the survey area.  The highest concentrations were observed at station 21, at the southern edge of the survey area (Figure 5.7), with the next highest concentrations located around stations 14 and 17 (SW of the platform) and 5 and 8 (NE of the platform).  The pattern of distribution did not correspond closely to that observed in 2008, and in neither survey did the pattern appear to be related to the platform location.
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Figure 5.7  Comparison of spatial patterns in iron concentration, 2008 and 2010
Table 5.8 summarises trends the minimum, average, and maximum iron concentrations, and the corresponding coefficients of variation, for all surveys conducted at the CA location between 1998 and 2010. Coefficients of variation were low in all surveys. There does, however, seem to have been an increase in minimum, average and maximum concentration, with the most marked change occurring between the 2004 and 2006 surveys.  Examination of Table 5.13 (which presents average station data for 2004-2010) indicates that the changes shown in Table 5.8 occurred at all stations within the survey area.
Table 5.8  Overall trends in iron concentrations, 1998-2010
	
	Min
	Mean
	Max
	CV

	2010
	19694
	24944
	42285
	16

	2008
	20500
	27029
	41700
	16

	2006
	19100
	25698
	36100
	17

	2004
	14751
	19229
	28094
	14

	2001
	11496
	14471
	21345
	17

	1998
	16310
	19104
	22060
	10


5.1.8. Manganese
Manganese concentrations ranged from 326 to 768 μg.g-1, with median and mean concentrations of 377 and 413 μg.g-1.  The coefficient of variation was low, indicating that the range and distribution of values did not represent systematic variation.  This is confirmed in Figure 5.8, which shows that in both the 2008 and 2010 surveys, the concentration of manganese at station 21 was considerably higher than at other stations, and that with this exception the range of values was small.  Some differences are apparent between 2008 and 2010; in particular, concentrations at stations 4, 14 and 17 were relatively higher in the earlier survey.
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Figure 5.8  Comparison of spatial patterns in manganese concentration, 2008 and 2010
Table 5.9 summarises trends in the minimum, mean and maximum concentrations of manganese over three surveys between 2006 and 2010. The differences between surveys are small, and do not indicate any real trends. Coefficients of variation were below 20% in the most recent two surveys, indicating that there was little real variation across the survey area.  
Table 5.9  Overall trends in manganese concentrations, 1998-2010
	
	Min
	Mean
	Max
	CV

	2010
	326
	413
	768
	19

	2008
	323
	411
	554
	13

	2006
	291
	384
	724
	24

	2004
	 Not measured

	2001
	 Not measured

	1998
	 Not measured


5.1.9. Lead
Lead concentrations ranged from 8.7 tp 27 μg.g-1, with median and average concentrations of 13.5 and 14.6 μg.g-1. The coefficient of variation was moderate,  at 30%, indicating the possibility of systematic variation.  Figure 5.9 shows that in both 2008 and 2010, the pattern of distribution of lead concentrations does indeed appear systematic, with concentration contours which are spatially related to the platform location.  In both surveys, these patterns also closely matched the pattern of distribution of barium concentrations.  This is particularly striking, since there appears to have been a change in these patterns, with the apparent ‘footprint’ shifting from an ellipse oriented to the SW of the platform to an ellipse oriented to the NW of the platform.
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Figure 5.9  Comparison of spatial patterns in lead concentration, 2008 and 2010
Table 5.10 summarises trends in the minimum, mean and maximum concentrations, and in the coefficient of variation, observed over 6 surveys.  Interestingly, in relation to the apparent patterns in Figure 5.9, the table shows that there has been a progressive overall decrease in concentration since 1998, accompanied by a substantial increase in coefficient of variation following commencement of platform operations.
Table 5.10  Overall trends in lead concentrations, 1998-2010
	
	Min
	Mean
	Max
	CV

	2010
	8.7
	14.6
	27.0
	30

	2008
	13.1
	19.3
	30.0
	21

	2006
	12.0
	16.9
	29.6
	23

	2004
	6.2
	16.0
	31.4
	36

	2001
	12.8
	18.8
	23.2
	16

	1998
	25.5
	30.0
	33.0
	9


5.1.10. Zinc

Zinc concentrations ranged for 39.5 to 142.4 μg.g-1, with median and mean concentrations of 52.8 and 56.3 μg.g-1.  Figure 5.10 show that the pattern of relative concentrations differed between 2008 and 2010; stations with the highest concentrations in 2008 were not those with the highest concentrations in 2010, and the relative difference at station 20 is particularly striking.  In 2010, the high average concentration at station 20 was due to a single replicate.  With the exception of this replicate, the highest concentration was substantially less at 84.6 μg.g-1.  Average concentrations were slightly elevated at stations 8 and 9, to the immediate NE of the platform.
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Figure 5.10 Comparison of spatial patterns in zinc concentration, 2008 and 2010
Table 5.11 summarises the trends in minimum, mean and maximum concentrations, and in coefficient of variation, over 6 surveys between 1998 and 2010.  Coefficients of variation were very low between 1998 and 2008, but increased to 30% in the 2010 survey.  Minimum and mean concentrations have fluctuated considerably between surveys, but show no overall trend.
Table 5.11  Overall trends in zinc concentrations, 1998-2010
	
	Min
	Mean
	Max
	CV

	2010
	39.5
	56.3
	142.4
	30

	2008
	45.9
	61.9
	61.8
	12

	2006
	32.4
	49.6
	72.8
	18

	2004
	36.9
	50.8
	73.1
	14

	2001
	32.0
	39.6
	52.9
	14

	1998
	52.5
	59.7
	69.0
	8


5.2. Relationship between Metals

The relationship between elements was examined by a correlation analysis of replicate values (Table 5.2). This provides only an approximate indication of the presence of linear relationships, and is of limited value in instances where data are grouped or clustered. The majority of ‘moderate’ correlation coefficients (involving iron, copper, chromium, manganese and zinc) reflect natural variation in the mineral-derived fractions of the sediment (silt, clay and fine sand), overlaid with the influence of elements present in shell fragments.
The most notable, and apparently strongest, associations were between barium, cadmium and lead.

Paired variable plots (Figure 5.3) for these three metals do confirm a positive association, but the plots show clearly that the relationships are strongly influenced by a small number of high values, and that the majority of values lie in clusters within which the relationship is much less distinct.  In each case, the high values are associated with stations 6, 9 and 15, suggesting that the chemical composition of sediments at these stations is in some respects distinct from that at the remaining stations.
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Figure 5.3  Paired variable plots for Cd, Ba (fusion) and Pb
Table 5.12 Correlation between Replicate Metal Concentrations, Central Azeri Survey 2010 
	 
	As
	Ba
	Ba Fusion
	Cd
	Cr
	Cu
	Hg
	Fe
	Mn
	Pb
	Zn

	As
	1.00
	
	
	
	
	
	
	
	
	
	

	Ba
	-0.03
	1.00
	
	
	
	
	
	
	
	
	

	Ba Fusion
	-0.02
	0.93
	1.00
	
	
	
	
	
	
	
	

	Cd
	-0.14
	0.83
	0.83
	1.00
	
	
	
	
	
	
	

	Cr
	0.09
	-0.10
	-0.07
	-0.08
	1.00
	
	
	
	
	
	

	Cu
	0.01
	0.31
	0.37
	0.29
	0.76
	1.00
	
	
	
	
	

	Hg
	-0.08
	0.02
	-0.01
	0.00
	0.05
	0.07
	1.00
	
	
	
	

	Fe
	0.47
	-0.14
	-0.12
	-0.14
	0.80
	0.53
	0.07
	1.00
	
	
	

	Mn
	0.48
	-0.04
	-0.01
	-0.07
	0.70
	0.57
	0.16
	0.81
	1.00
	
	

	Pb
	0.19
	0.84
	0.88
	0.77
	0.13
	0.48
	0.08
	0.13
	0.22
	1.00
	

	Zn
	0.01
	0.13
	0.13
	0.05
	0.48
	0.46
	0.09
	0.41
	0.27
	0.27
	1.00


5.3. Trends in average values by station
 Station-by-station comparisons can only be made on the basis of average station values, and are constrained by the fact that a number of stations have been relocated in successive surveys in order to avoid seabed infrastructure.  However, examination of these data can still assist in interpretation, by providing the basis for the contour diagrams in section 5.1 and by indicating the extent to which changes are survey-wide or are associated with particular stations.  Table 5.14 collates average concentrations of elements for four surveys between 2004 and 2010 (ie, over the period during which the Central Azeri platform has been operational).
Table 5.13 provides a qualitative summary of the trends present in Table 5.14, taking into account the underlying coefficients of variation.

Table 5.13  Narrative summary of main trends in metal concentration
	Element
	Summary

	Arsenic
	No systematic station-by-station trends at 12 stations.  Increases of up to 50% at stations 3, 4, 10, 12, 13, 14 and 17 between 2008 and 2010, but overall changes since 2004 not so marked. Increases are spread across survey area, with no spatial link to the platform location.

	Barium (fusion)
	No systematic change at 13 stations, with a decrease observed at 3 stations.  Marked increases observed 2008-2010 at stations 9 and 15, whilst concentrations at station 6 have remained consistently high over all four surveys

	Cadmium
	Large increases (3-5 fold) at 17 stations between 2008 and 2010. Overall increase at all stations.  Increase observed across survey area between 2004 and 2006, with little change between 2006 and 2008.

	Chromium
	Increased concentration at 3 stations, decrease at 6 stations, between 2008 and 2010.  Changes relatively small, and no real change observed at the majority of stations. No evidence of meaningful trends, either spatially or over time.

	Copper
	Increase at one station, decrease at two stations between 2008 and 2010.  No real change at other stations, and no evidence of meaningful trends in space or time

	Iron
	Little overall change between 2008 and 2010.  A 30-50% increase across the survey area was observed between 2004 and 2006, but no meaningful trends since 2006

	Mercury
	Increased concentrations (3-4 fold) at 9 stations (1, 3, 4, 5, 6, 8, 9, 10, 11) between 2008 and 2010, little change at other stations.  An overall decrease was observed between 2004 and 2006, with little change between 2006 and 2008.  Overall, between 2004 and 2010 there has been a net decrease in concentration at all but one station.

	Manganese
	Little change over time across the survey area

	Lead
	Decrease in concentration at 11 stations between 2008 and 2010. little net change at remaining stations.  Little overall trend between 2004 and 2010.

	Zinc
	Increase at two stations, decrease at 8 stations, between 2008 and 2010.  No clear overall spatial or temporal trends


Table 5.14 Comparison of Average Metal Concentrations, Central Azeri Surveys 2004, 2006, 2008 and 2010  (μg.g-1)
	 
	As
	Ba HNO3
	Ba Fusion

	 
	2004
	2006
	2008
	2010
	2004
	2006
	2008
	2010
	2004
	2006
	2008
	2010

	St 1 
	9.3
	10.1
	9.8
	11.9
	3219
	5635
	3715
	4693
	3885
	7690
	4640
	5791

	St 2
	5.1
	6.7
	5.2
	5.5
	2167
	6095
	3480
	4072
	2555
	7740
	5745
	4862

	St 3
	7.1
	12.1
	8.3
	15.4
	6082
	5130
	4270
	8857
	7935
	5505
	6150
	9599

	St 4
	15.1
	7.2
	21.2
	18.4
	10945
	7305
	5870
	6598
	18955
	8250
	7275
	7748

	St 5
	9.5
	16.6
	6.8
	5.7
	2451
	2725
	2815
	3688
	3035
	2850
	3145
	4442

	St 6
	11.1
	17
	12.3
	16.5
	20966
	24050
	18600
	10479
	26600
	29050
	25100
	25756

	St 8
	19.2
	17
	9.8
	14.3
	7083
	5560
	2855
	3454
	9430
	7130
	3740
	4397

	St 9
	10.6
	13.5
	9.2
	9.9
	5508
	15800
	9420
	14108
	7035
	16600
	13350
	19833

	St 10
	12.6
	10.4
	9.3
	16.0
	2841
	4810
	2660
	3765
	3880
	6350
	3175
	5322

	St 11
	11.3
	7.4
	8.6
	4.9
	3347
	6170
	4425
	3979
	2870
	6625
	5120
	5862

	St 12
	7.6
	10
	8.7
	17.4
	4240
	7850
	3920
	4795
	6130
	9440
	4750
	5967

	St 13
	6.8
	5.1
	7.8
	16.1
	1601
	3945
	2250
	4178
	3510
	4350
	3230
	6050

	St 14
	6.4
	7.3
	10.5
	14.4
	5219
	6690
	6300
	3976
	8685
	7650
	8335
	5742

	St 15
	10.8
	15.7
	9.6
	9.3
	8276
	20850
	13500
	24141
	9545
	22300
	21100
	40601

	St 16
	12.8
	17.3
	8.3
	16.5
	8798
	10750
	6720
	8007
	19200
	13550
	8745
	13756

	St 17
	7.3
	5.3
	9.5
	15.2
	10092
	13250
	12975
	7478
	15100
	15350
	21150
	8539

	St 18
	8.1
	9
	7.5
	9.4
	7235
	11485
	7705
	7736
	14100
	12610
	9550
	11258

	St 19
	14.4
	12.4
	7.9
	12.7
	3983
	3065
	8330
	5241
	5810
	3870
	10345
	7614

	St 20
	9.5
	10.1
	8.5
	7.9
	4725
	6430
	5480
	3582
	5455
	7885
	5845
	4579

	St 21
	32.3
	14.8
	20.4
	23.1
	2863
	8865
	5310
	2942
	16850
	9933
	5980
	3910

	Min
	5.1
	5.1
	5.2
	4.9
	1601
	2725
	2250
	2942
	2555
	2850
	3145
	3910

	Max
	32.3
	17.3
	21.2
	23.1
	20966
	24050
	18600
	24141
	26600
	29050
	25100
	40601

	Median
	10.05
	10.25
	8.95
	14.4
	4972
	6560
	5395
	4744
	7485
	7813
	6065
	6008

	Mean
	11.3
	11.3
	10.0
	13.0
	6082
	8823
	6530
	6788
	9528
	10236
	8824
	10081

	St Dev
	6.0
	4.1
	4.0
	4.9
	4423
	5750
	4268
	4980
	6751
	6498
	6474
	9096

	% CV
	53%
	37%
	40%
	37%
	73%
	65%
	65%
	73%
	71%
	63%
	73%
	90%


Table 5.14  Comparison of Average Metal Concentrations, Central Azeri Surveys 2004, 2006, 2008 and 2010 (μg.g-1) Continued
	 
	Cd
	Cr
	Cu

	 
	2004
	2006
	2008
	2010
	2004
	2006
	2008
	2010
	2004
	2006
	2008
	2010

	St 1 
	0.14
	0.47
	0.31
	1.01
	37
	34
	37.2
	45.7
	24.8
	17.5
	17.7
	22.5

	St 2
	0.15
	0.37
	0.24
	0.90
	44.1
	29.3
	43
	42.9
	29.2
	16.3
	20.5
	20.8

	St 3
	0.13
	0.33
	0.29
	1.17
	37.8
	38.9
	47.9
	47.2
	17.6
	19.5
	19.1
	24.5

	St 4
	0.12
	0.41
	0.35
	1.01
	43.3
	45.7
	45.3
	44.3
	27.2
	21.1
	22.6
	20.3

	St 5
	0.14
	0.22
	0.29
	0.91
	35.5
	45.4
	47
	57.7
	15.2
	21.5
	22.8
	24.1

	St 6
	0.19
	0.76
	0.71
	1.67
	36.3
	39.1
	39.7
	46.0
	21.7
	21.5
	23.6
	25.8

	St 8
	0.21
	0.25
	0.2
	0.54
	32.4
	39.2
	49.7
	60.1
	25
	19.7
	18.2
	27.0

	St 9
	0.2
	0.43
	0.54
	1.62
	34.6
	40.3
	44.7
	42.6
	19.9
	20.7
	24
	26.4

	St 10
	0.13
	0.19
	0.24
	0.61
	26.9
	33.7
	44.3
	35.2
	10.9
	12.1
	17.1
	11.1

	St 11
	0.14
	0.29
	0.38
	0.36
	40.6
	54.4
	51.1
	47.6
	11.2
	27.4
	24.5
	24.0

	St 12
	0.18
	0.43
	0.34
	0.63
	26.5
	33.7
	49.9
	36.2
	16.1
	21.4
	21.7
	20.1

	St 13
	0.19
	0.33
	0.25
	0.79
	33.6
	40.1
	55.7
	39.8
	16.5
	23.2
	22.2
	20.0

	St 14
	0.17
	0.37
	0.43
	0.47
	40.7
	43.7
	64
	56.3
	26.6
	20.9
	26
	24.5

	St 15
	0.2
	0.67
	0.48
	2.43
	31.2
	37.5
	51.5
	44.1
	16.9
	20.7
	25.4
	26.9

	St 16
	0.22
	0.54
	0.41
	0.84
	30.4
	31.7
	45.1
	43.6
	16.3
	17.6
	21.4
	25.5

	St 17
	0.2
	0.6
	0.43
	0.66
	34.5
	45
	51.3
	51.2
	15.2
	25.1
	27.2
	23.6

	St 18
	0.2
	0.59
	0.28
	0.66
	30.6
	43
	42.2
	35.3
	26.5
	27
	22.6
	17.4

	St 19
	0.15
	0.29
	0.42
	0.99
	40.3
	53.1
	42.1
	38.5
	15.6
	27.6
	28.6
	17.2

	St 20
	0.14
	0.39
	0.32
	0.81
	27.1
	34.9
	38.3
	41.1
	21
	17.3
	18.7
	20.0

	St 21
	0.1
	0.33
	0.4
	0.47
	24.8
	48.6
	54.2
	60.1
	11.6
	27
	30.9
	28.0

	Min
	0.1
	0.19
	0.2
	0.36
	24.8
	29.3
	37.2
	35.2
	10.9
	12.1
	17.1
	11.1

	Max
	0.22
	0.76
	0.71
	2.43
	44.1
	54.4
	64
	60.1
	29.2
	27.6
	30.9
	28.0

	Median
	0.16
	0.38
	0.345
	0.82
	34.6
	39.7
	46.2
	44.2
	17.3
	21
	22.6
	23.8

	Mean
	0.165
	0.413
	0.37
	0.93
	34.4
	40.6
	47.2
	45.8
	19.3
	21.3
	22.7
	22.5

	St Dev
	0.03
	0.15
	0.12
	0.49
	5.7
	6.8
	6.5
	7.77
	5.69
	4.11
	3.70
	4.16

	% CV
	21%
	37%
	33%
	53%
	17%
	17%
	14%
	17%
	30%
	19%
	16%
	19%


Table 5.14 Comparison of Average Metal Concentrations, Central Azeri Surveys 2004, 2006, 2008 and 2010 (μg.g-1) Continued
	 
	Fe
	Hg 
	Mn

	 
	2004
	2006
	2008
	2010
	2004
	2006
	2008
	2010
	2006
	2008
	2010

	St 1 
	17508
	25350
	24450
	26785
	0.07
	0.052
	0.043
	0.132
	331
	362
	423

	St 2
	18716
	19350
	21850
	22338
	0.04
	0.032
	0.027
	0.036
	313
	358
	382

	St 3
	18642
	26250
	27300
	24082
	0.15
	0.027
	0.037
	0.059
	346
	413
	454

	St 4
	24927
	25700
	33100
	25513
	0.19
	0.029
	0.033
	0.058
	349
	467
	461

	St 5
	19521
	29000
	26700
	28820
	0.06
	0.021
	0.023
	0.041
	512
	381
	407

	St 6
	19417
	28100
	27150
	24622
	0.14
	0.04
	0.044
	0.054
	388
	385
	438

	St 8
	22405
	29650
	27750
	30369
	0.27
	0.022
	0.024
	0.121
	363
	385
	518

	St 9
	19461
	27600
	26850
	23567
	0.14
	0.032
	0.029
	0.094
	342
	375
	361

	St 10
	18699
	23250
	26150
	23240
	0.11
	0.045
	0.021
	0.091
	329
	389
	331

	St 11
	22542
	28300
	26300
	24102
	0.21
	0.034
	0.03
	0.106
	431
	420
	437

	St 12
	16260
	22100
	26450
	21682
	0.21
	0.035
	0.034
	0.035
	332
	414
	356

	St 13
	17374
	23850
	28800
	23356
	0.17
	0.029
	0.028
	0.037
	330
	389
	384

	St 14
	19896
	24150
	31100
	26415
	0.1
	0.033
	0.031
	0.037
	386
	493
	403

	St 15
	16982
	26100
	26600
	23514
	0.16
	0.047
	0.032
	0.037
	332
	413
	398

	St 16
	18235
	25050
	25600
	25342
	0.15
	0.035
	0.03
	0.037
	342
	373
	363

	St 17
	18406
	23300
	27450
	26495
	0.15
	0.063
	0.052
	0.027
	411
	491
	411

	St 18
	17006
	23900
	22700
	19761
	0.16
	0.052
	0.03
	0.041
	390
	397
	364

	St 19
	21828
	30600
	24500
	20920
	0.11
	0.016
	0.032
	0.028
	500
	396
	353

	St 20
	17811
	23200
	22950
	22744
	0.15
	0.037
	0.025
	0.035
	356
	354
	367

	St 21
	18147
	27600
	32350
	35184
	0.09
	0.034
	0.021
	0.031
	607
	540
	624

	Min
	16260
	19350
	21850
	19761
	0.04
	0.016
	0.021
	0.027
	313
	354
	331

	Max
	24927
	30600
	33100
	35184
	0.27
	0.063
	0.052
	0.132
	607
	540
	624

	Median
	18671
	25525
	26650
	24092
	0.15
	0.034
	0.03
	0.039
	352.5
	393
	400

	Mean
	19189
	25620
	26805
	24943
	0.14
	0.04
	0.03
	0.057
	384.5
	410
	412

	St Dev
	2198
	2824
	2937
	3509
	0.06
	0.011
	0.008
	0.033
	75.8
	50
	67

	% CV
	11%
	11%
	11%
	14%
	39%
	32%
	25%
	58%
	20%
	12%
	16%


Table 5.14 Comparison of Average Metal Concentrations, Central Azeri Surveys 2004, 2006, 2008 and 2010 (μg.g-1) Continued
	 
	Pb
	Zn

	 
	2004
	2006
	2008
	2010
	2004
	2006
	2008
	2010

	St 1 
	10.2
	16.9
	18.7
	15.8
	45.6
	43.6
	54.1
	56.5

	St 2
	6.9
	13
	14.7
	10.1
	51.3
	39.7
	55.7
	47.5

	St 3
	16.4
	16
	14.6
	17.8
	52.5
	44.6
	61
	56.3

	St 4
	14.3
	14.7
	20.5
	14.8
	59.9
	50.6
	67.5
	49.7

	St 5
	12
	13
	16.5
	12.8
	47.8
	53.3
	63.4
	62.3

	St 6
	21.4
	24.6
	28.5
	22.0
	63.7
	52.6
	60.7
	56.4

	St 8
	17.3
	17.5
	15
	12.0
	47.6
	49.2
	57.9
	68.9

	St 9
	14.7
	19.6
	21.3
	18.4
	49.8
	55.6
	69.7
	70.1

	St 10
	17.1
	13.3
	14.9
	12.4
	44.5
	39.7
	55.4
	42.1

	St 11
	17.1
	16.5
	18.2
	11.4
	56.6
	60.2
	63.2
	52.8

	St 12
	25.1
	16.5
	18.6
	12.6
	46.1
	43.3
	61.9
	44.1

	St 13
	13.7
	14.1
	14.7
	13.9
	49.2
	47.4
	62.2
	50.6

	St 14
	17.1
	14.5
	20.2
	12.0
	56.8
	49.9
	71.9
	60.1

	St 15
	20.4
	24.9
	22
	25.3
	50
	47.3
	62.6
	59.2

	St 16
	20
	17.5
	17.2
	16.6
	50.9
	42.8
	57.2
	56.3

	St 17
	24.9
	17.8
	25.9
	14.7
	55.9
	52.2
	68
	56.1

	St 18
	10.3
	17.6
	19.7
	12.0
	52.8
	52.9
	55.1
	43.6

	St 19
	11.4
	12.8
	23.2
	12.1
	52.5
	59.6
	60.9
	42.5

	St 20
	19.5
	15
	19.3
	11.1
	44.2
	48.1
	53.7
	91.0

	St 21
	12.5
	16
	22.5
	13.1
	38.6
	55.9
	66.8
	61.6

	Min
	6.9
	12.8
	14.6
	10.1
	38.6
	39.7
	53.7
	42.1

	Max
	25.1
	24.9
	28.5
	25.3
	63.7
	60.2
	71.9
	91.0

	Median
	16.8
	16.3
	19
	13.0
	50
	50
	61
	56

	Mean
	16.1
	16.6
	19.3
	14.5
	51
	49
	61
	56

	St Dev
	4.9
	3.4
	3.9
	3.9
	5.9
	6.0
	5.4
	11.5

	% CV
	30%
	20%
	20%
	27%
	12%
	12%
	9%
	20%


5.4. Metal Summary

For the majority of metals (As, Cr, Cu, Fe, Mn, Zn) the data show no clear trends or gradients which could be associated with platform activities.  Iron concentrations increased by approximately 50% between 2004 and 2006, but have not changed markedly since 2006.
Cadmium and mercury concentrations have increased considerably across the survey area between 2008 and 2010, whilst barium and lead concentrations have predominantly decreased over the same period.  However, over the period 2004-2010, mercury concentrations have decreased at all but one station.  The survey-to-survey differences in mercury concentration appear to be too large, and too wide-spread, to be attributable to any point-source contamination. 
Three elements, barium, cadmium and lead, exhibited very similar concentration patterns.  These were the only elements which indicated a ‘footprint’ which was spatially related to the platform location.  A similar association was evident in the 2008 data, although the 2008 ‘footprint’ was not congruent with the 2010 footprint (oriented to the SW in 2008 and to the NW in 2010, although this difference is probably due to random variation at a small number of stations).  What is common to both surveys is the persistence of association between these three elements, and the presence of consistently high concentrations of all three at stations 6, 9 and 15.  
Barium, when measured by fusion, is considered to be a reliable indicator of the presence of water-based drilling muds discharged with or without associated cuttings.  It is not possible, on the basis of the survey data alone, to determine whether the association with cadmium and lead is
a) an indication of contamination present in the drilling mud or

b) evidence of higher lead and cadmium concentrations in subsurface rock strata which are subsequently discharged as cuttings or

c) evidence of an effect of the presence of cuttings or drilling fluid components on the extractability or analysis of cadmium and lead or
d) a coincidence which might not be repeated in subsequent surveys
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