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5. Metals in Sediments

5.1. Results
Metal concentrations at each East Azeri sample station were determined from 2 replicate sediment samples. Replicate values are given in Table 5.1, which also indicates the minimum, maximum, median and average values together with the coefficient of variation.  To assist visualisation of variation in values, concentrations which differ from the median by less than 25% are highlighted in yellow, and orange highlighting is used to indicate coefficients of variation larger than would be expected to arise from sampling and analytical variation. Table 5.2 gives the range, coefficient of variation and mean for each element recorded on previous East Azeri surveys.
Table 5.1 Replicate Metal Concentrations (μg.g-1) East Azeri Survey 2010
	 Station
	Rep 
	As 
	Ba
	Ba Fusion
	Cd
	Cr 
	Cu
	Hg
	Fe
	Mn
	Pb
	Zn

	EAP 1001 
	1
	9.8
	2776
	3,234
	0.35
	44.9
	26.4
	0.02
	18133
	384
	10.4
	53.0

	
	2
	9.9
	3782
	5,030
	0.65
	32.5
	29.3
	0.04
	14252
	281
	12.1
	47.2

	EAP 1002
	1
	15.0
	3159
	3,550
	0.43
	36.1
	24.4
	0.03
	18706
	637
	12.7
	50.5

	
	2
	8.5
	2596
	3,342
	0.43
	24.7
	18.2
	0.03
	11868
	267
	9.4
	34.9

	EAP 1003
	1
	11.2
	4033
	5,775
	0.56
	37.1
	32.1
	0.05
	16212
	335
	32.1
	54.4

	
	2
	14.2
	1587
	1,772
	0.01
	46.4
	25.6
	0.02
	21475
	494
	10.4
	55.7

	EAP 1004
	1
	12.8
	4378
	5,114
	0.61
	34.3
	26.5
	0.04
	15948
	293
	11.8
	44.5

	
	2
	11.9
	6174
	8,436
	0.76
	43.1
	31.0
	0.02
	19700
	379
	11.4
	53.7

	EAP 1005
	1
	10.0
	3458
	5,450
	0.56
	37.9
	26.3
	0.03
	16103
	324
	10.1
	47.8

	
	2
	9.8
	6622
	9,683
	1.04
	43.4
	29.3
	0.02
	17881
	388
	11.4
	51.5

	EAP 1006
	1
	13.9
	819
	1,024
	0.16
	39.2
	22.0
	0.02
	20891
	362
	9.6
	47.5

	
	2
	9.4
	2760
	4,229
	0.57
	23.5
	15.3
	0.03
	11761
	286
	8.6
	30.2

	EAP 1007
	1
	12.6
	1498
	2,194
	0.28
	47.8
	27.1
	0.02
	22489
	459
	10.6
	54.3

	
	2
	11.7
	2103
	2,767
	0.38
	40.8
	23.0
	0.03
	18871
	430
	9.6
	46.7

	EAP 1008
	1
	17.2
	923
	1,310
	0.22
	56.9
	23.1
	0.02
	28029
	531
	11.4
	63.6

	
	2
	16.0
	3074
	3,992
	0.48
	53.1
	22.4
	0.02
	27058
	493
	11.7
	59.9

	EAP 1009
	1
	10.8
	6127
	8,759
	0.97
	44.5
	28.7
	0.02
	20036
	395
	11.5
	54.6

	
	2
	13.0
	7272
	10,932
	1.36
	41.1
	31.2
	0.03
	18518
	371
	13.6
	62.2

	EAP 1010
	1
	10.1
	2947
	3,567
	0.55
	26.7
	17.4
	0.03
	12936
	282
	9.0
	33.8

	
	2
	10.7
	2895
	3,782
	0.55
	39.4
	23.5
	0.03
	18868
	351
	11.0
	49.1

	EAP 1011
	1
	14.5
	1841
	2,675
	0.57
	35.8
	29.6
	0.03
	16715
	324
	9.8
	42.1

	
	2
	10.7
	1670
	2,791
	0.41
	44.0
	34.7
	0.03
	18742
	310
	12.1
	50.7

	EAP 1012
	1
	13.6
	4586
	7,012
	0.85
	52.3
	31.8
	0.02
	23077
	436
	12.0
	57.0

	
	2
	15.8
	845
	1,283
	0.14
	51.0
	22.0
	0.02
	25331
	448
	10.6
	56.2

	EAP 1013
	1
	12.3
	4800
	6,486
	0.90
	44.0
	22.8
	0.02
	18394
	347
	12.1
	50.1

	
	2
	9.7
	2774
	4,083
	0.59
	31.6
	19.8
	0.02
	14111
	299
	8.4
	38.7


Table 5.1 (Continued)  Replicate Metal Concentrations (μg.g-1) East Azeri Survey 2010  
	 Station
	 Rep
	As 
	Ba
	Ba Fusion
	Cd
	Cr 
	Cu
	Hg
	Fe
	Mn
	Pb
	Zn

	EAP 1014
	1
	10.2
	5720
	8,602
	0.99
	41.0
	24.9
	0.03
	18842
	377
	13.0
	52.0

	
	2
	10.9
	4960
	7,029
	0.86
	42.6
	22.7
	0.03
	18271
	359
	11.4
	48.7

	EAP 1015
	1
	15.7
	1549
	1,974
	0.29
	52.4
	31.7
	0.03
	24281
	461
	12.4
	59.6

	
	2
	21.9
	5401
	7,304
	1.11
	31.9
	18.8
	0.02
	17242
	354
	12.7
	41.0

	EAP 1016
	1
	13.5
	2449
	2,496
	0.48
	39.3
	22.5
	0.04
	17355
	329
	10.5
	44.0

	
	2
	12.3
	1042
	2,053
	0.25
	44.4
	27.4
	0.05
	18767
	373
	9.6
	49.8

	EAP 1017
	1
	11.1
	1109
	1,148
	0.23
	44.3
	22.0
	0.03
	20080
	377
	9.7
	49.4

	
	2
	9.4
	338
	706
	0.04
	44.9
	20.4
	0.03
	20645
	400
	9.4
	50.2

	EAP 1018
	1
	8.9
	5125
	6,966
	1.00
	30.7
	28.1
	0.04
	13187
	337
	11.1
	39.6

	
	2
	7.4
	5142
	5,855
	0.97
	25.5
	21.1
	0.03
	11472
	274
	9.1
	32.6

	EAP 1019
	1
	11.5
	1263
	1,624
	0.23
	41.5
	24.7
	0.04
	19149
	372
	10.5
	48.9

	
	2
	12.5
	1106
	1,367
	0.32
	42.5
	23.5
	0.03
	21256
	404
	10.4
	51.0

	EAP 1020
	1
	12.7
	1754
	2,425
	0.29
	48.8
	20.4
	0.04
	25717
	393
	10.7
	51.1

	
	2
	10.6
	3424
	3,717
	0.78
	39.3
	36.0
	0.05
	17022
	358
	11.2
	50.3

	EAP 1021
	1
	14.6
	4308
	6,201
	0.95
	27.5
	15.7
	0.03
	14179
	313
	8.3
	31.8

	
	2
	18.3
	5692
	5,899
	1.15
	26.8
	15.1
	0.03
	14877
	443
	9.1
	30.4

	Min
	
	7.4
	338
	706
	0.01
	23.5
	15.1
	0.02
	11472
	267
	8.3
	30.2

	Max
	
	21.9
	7272
	10932
	1.36
	56.9
	36.0
	0.05
	28029
	637
	32.1
	63.6

	Median
	
	11.8
	2921
	3749
	0.56
	41.1
	23.9
	0.03
	18612
	372
	10.7
	50.0

	Average
	
	12.3
	3235
	4372
	0.58
	39.9
	24.7
	0.03
	18534
	377
	11.2
	48.1

	St Dev
	
	2.87
	1854
	2631
	0.33
	8.29
	5.16
	0.01
	4014
	76
	3.55
	8.50

	CV
	
	23%
	57%
	60%
	57%
	21%
	21%
	30%
	22%
	20%
	32%
	18%


Table 5.2 Comparable Replicate Metal Range & Mean Concentrations μg.g-1 East Azeri 2002, 2006, 2008 & 2010 
	
	Year
	Min
	Mean
	Max
	% CV

	 
	2010
	7.4
	12.3
	21.9
	23

	As
	2008
	3.1
	7.9
	20.7
	47

	 
	2006
	4.9
	10.3
	27.4
	52

	 
	2002
	2.1
	4.4
	9.7
	42

	 
	2010
	338
	3235
	7272
	57

	Ba HNO3
	2008
	407
	3,156
	12,690
	94

	 
	2006
	244
	4,985
	19,800
	98

	 
	2002
	358
	1,153
	3,381
	58

	 
	2010
	706
	4,372
	10,932
	60

	Ba Fusion
	2008
	550
	3,717
	15,660
	96

	 
	2006
	536
	6,256
	22,200
	91

	 
	2010
	0.01
	0.58
	1.36
	57

	Cd
	2008
	0.18
	0.29
	0.64
	36

	 
	2006
	0.07
	0.31
	0.83
	55

	 
	2002
	0.14
	0.17
	0.2
	10


Table 5.2 (Continued) Comparable Replicate Metal Range & Mean Concentrations μg.g-1 East Azeri 2002, 2006, 2008 & 2010 
	
	Year
	Min
	Mean
	Max
	% CV

	 
	2010
	23.5
	39.9
	56.9
	21

	Cr
	2008
	29.2
	49.6
	67.4
	19

	 
	2006
	16.6
	42.5
	60.2
	21

	 
	2002
	33.9
	47.7
	70.4
	20

	 
	2010
	15.1
	24.7
	36
	21

	Cu
	2008
	22.3
	30.1
	39.5
	15

	 
	2006
	12.5
	32.1
	45.9
	19

	 
	2002
	20.2
	26.2
	37.2
	13

	 
	2010
	0.02
	0.03
	0.05
	30

	Hg
	2008
	0.016
	0.03
	0.054
	36

	 
	2006
	0.01
	0.024
	0.2
	119

	 
	2010
	11472
	18534
	28029
	22

	Fe
	2008
	14,200
	23,468
	32,300
	20

	 
	2006
	9,240
	21,020
	39,600
	24

	 
	2002
	14,376
	20,713
	30,173
	21

	 
	2010
	267
	377
	637
	20

	Mn
	2008
	285
	468
	695
	18

	 
	2006
	257
	478
	1,500
	40

	 
	2002
	287
	406
	613
	19

	 
	2010
	8.3
	11.2
	32.1
	32

	Pb
	2008
	7.5
	10.8
	13.8
	15

	 
	2006
	7.4
	11.8
	15.6
	14

	 
	2002
	9.2
	23
	35.6
	26

	 
	2010
	30.2
	48.1
	63.6
	18

	Zn
	2008
	34.5
	55.1
	82.1
	15

	 
	2006
	19.8
	45.4
	58.9
	15

	 
	2002
	31.1
	45.6
	61.9
	16


Examination of the replicate data indicates that replicate agreement was generally good. The largest between-replicate differences were observed at stations 5, 6, 12, 13 and 15, and the differences were most marked for barium, cadmium and iron.
Arsenic
Arsenic concentrations ranged from 7.4 to 21.9μg.g-1 with median and average concentrations of 11.8 and 12.3μg.g-1 respectively and a coefficient of variation of 23%.  Table 5.3 presents these and the corresponding statistics for 2008 and 2006.  Median and average concentrations are slightly higher in 2010 than in previous surveys, but the maximum concentration observed is similar to 2008.  Variability between samples is lower in 2010 than in previous surveys, and this, together with the higher average concentrations, is reflected in Figure 5.1; in this figure, there are some similarities between 2010 and 2008, but it appears that while concentrations are lower in the NE sector of the survey area, the previous area of higher concentration extends in 2010 from the south of the platform to the north of the platform.  In 2010, the highest concentrations were observed at stations 8, 12, 15 and 21.  However, although some variation in the pattern of distribution of values is apparent, it is clear from Table 5.3 that there is little change in the overall levels over time.
Table 5.3  Summary statistics, arsenic concentrations 2006-2010

	
	2006
	2008
	2010

	Min
	4.9
	3.1
	7.4

	Max
	27.4
	20.7
	21.9

	Median
	8.7
	7.1
	11.8

	Average
	10.3
	7.9
	12.3

	St Dev
	5.3
	3.7
	2.9

	CV
	52%
	47%
	23%
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Figure 5.1  Average arsenic concentrations, East Azeri 2008 and 2010
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. 
The 2002 pre-drill survey recorded a maximum HNO3 extracted Ba concentration of 3,381μg.g-1 and analysis for total Ba Fusion did not commence until 2006. Figure 5.2 below gives the distribution plots for total and HNO3 extracted Ba indicating the 4,000 μg.g-1 contour.
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Figure 5.2
Contour Plots Average Ba Concentrations East Azeri Survey 2008 and 2010
Table 5.4 presents summary statistics for both forms of barium for 2006, 2008 and 2010. Maximum concentrations have progressively declined, presumably reflecting the lower intensity of platform drilling compared to the predrill programme.  However, median and average concentrations of both forms are higher in 2010 than in 2008, whilst the coefficient of variation has reduced substantially. These changes are clearly reflected in Figure 5.2, which is consistent with a progressive ‘spread’ of previously deposited material, resulting in a reduction in concentration within the previous footprint, but an increase in the area within which concentrations are higher than the baseline maximum. 
Table 5.4  Summary statistics, barium concentrations 2006-2010
	
	Ba  HNO3

	
	2006
	2008
	2010

	Min
	244
	407
	338

	Max
	19800
	12690
	7272

	Median
	3205
	2390
	2921

	Average
	4985
	3156
	3235

	St Dev
	4910
	2958
	1854

	CV
	98%
	94%
	57%


Table 5.4  (Continued) Summary statistics, barium concentrations 2006-2010

	
	Ba Fusion

	
	2006
	2008
	2010

	Min
	536
	550
	706

	Max
	22200
	15660
	10932

	Median
	4145
	2600
	3749

	Average
	6256
	3717
	4372

	St Dev
	5680
	3574
	2631

	CV
	91%
	96%
	60%


Cadmium
The most notable difference in cadmium concentrations between 2010 and previous surveys is that the maximum, median and average concentrations are more than two times higher (Table 5.5).  Whilst Figure 5.3 indicates a moderate level of consistency between surveys, with higher concentrations to the east of the survey area and at station 18 to the west, there is a trend in 2010 towards higher concentrations at all stations except those to the immediate west of the  platform, together with stations 16, 17 and 19 on the northern and eastern edges of the survey area.  The change in pattern for Cd closely matches the change in pattern noted above for Ba. However, the changes in absolute concentration in these two metals are quite different; barium concentrations did not show a corresponding increase between 2008 and 2010.
Table 5.5  Summary statistics, cadmium concentrations 2006-2008
	
	Cd

	
	2006
	2008
	2010

	Min
	0.07
	0.18
	0.01

	Max
	0.83
	0.64
	1.36

	Median
	0.26
	0.27
	0.56

	Average
	0.31
	0.29
	0.58

	St Dev
	0.17
	0.11
	0.33

	CV
	55%
	36%
	57%
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Figure 5.3  Contour plots, average Cd concentrations 2008 and 2010
Chromium

Chromium concentrations ranged from 23.5 μg.g-1 to 56.9 μg.g-1, with median and average values of 41.1 and 39.9 μg.g-1 and a coefficient of variation of 21%.  Minimum, maximum, median and average values were lower than in 2008 but (with the exception of the minimum value) were very similar to 2006.  The coefficient of variation has remained constant at around 20% over all three surveys, and represents a degree of variability which is close to the limits of sampling and analytical uncertainty.

Figure 5.4 presents the spatial pattern of chromium concentrations in 2008 and 2010.  These both indicate a zone of higher concentration immediately to the west and south of the platform, but the 2010 contour plot reflects concentrations which are lower than in 2008 in all other directions.
Table 5.6  summary statistics, chromium concentrations 2006-2010
	
	Cr 

	
	2006
	2008
	2010

	Min
	16.6
	29.2
	23.5

	Max
	60.2
	67.4
	56.9

	Median
	44.1
	50.6
	41.1

	Average
	42.5
	49.6
	39.9

	St Dev
	8.8
	9.3
	8.3

	CV
	21%
	19%
	21%
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Figure 5.4  Contour plots, average chromium concentrations 2008 and 2010

Copper

Copper concentrations ranged from 15.1 to 36 μg.g-1, with median and average values of 23.9 and 24.7 μg.g-1 respectively, and a coefficient of variation of 21%. With the exception of the coefficient of variation (which was higher than in 2008 and similar to 2006), all summary parameters were lower in 2010 than in 2008 (Table 5.7).
A comparison of contour plots of concentration between 2008 and 2010 (Figure 5.5) illustrates a general reduction in concentration over the  survey area, and some changes in the pattern of distribution of values.  Whilst there remains some indication of a patch of higher concentration around stations 1, 4, 5, and 9,  higher concentrations were also observed at station 11, which in 2008 was within an area of lower concentration.  However, the very low coefficient of variation indicates that these patterns are of limited significance and largely represent natural variation.

Table 5.7 Summary statistics for copper, 2006-2010
	
	Cu

	
	2006
	2008
	2010

	Min
	12.5
	22.3
	15.1

	Max
	45.9
	39.5
	36.0

	Median
	32.7
	29.0
	23.9

	Average
	32.1
	30.1
	24.7

	St Dev
	6.0
	4.4
	5.2

	CV
	19%
	15%
	21%
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Figure 5.5 Contour plots, average copper concentrations, 2008 and 2010
Mercury
Mercury concentrations ranged from 0.02 to 0.05μg.g-1, with a median and average value of 0.03μg.g‑1 and a coefficient of variation of 30%.  All summary parameters were very similar to those observed in the 2008 data set (Table 5.8).
Figure 5.6 compares concentration contour plots for 2008 and 2010.  The pattern is very different between the two surveys; in 2008, distribution of values was very patchy, with scattered peaks of concentration (one of which centred on the platform), while in 2010 the pattern appeared more systematic, with the lowest concentrations located at the stations within a 250-500m radius of the platform.  The coefficient of variation is moderate, so some of this change might be due to chance; however, it could equally be (at least in part) attributable to the progressive spread of more homogenous material derived from cuttings deposited close to the platform.
Table 5.8 Summary statistics for mercury, 2006-2010
	
	Hg

	
	2006
	2008
	2010

	Min
	0.01
	0.02
	0.02

	Max
	0.20
	0.05
	0.05

	Median
	0.02
	0.03
	0.03

	Average
	0.02
	0.03
	0.03

	St Dev
	0.03
	0.01
	0.01

	CV
	119%
	36%
	30%
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Figure 5.6 Contour plots, average mercury concentrations, 2008 and 2010
Iron

Iron concentrations ranged from 11,472 to 28,029 μg.g-1, with median and average values of 18,612 and 18,534 μg.g-1 and a coefficient of variation of 22%.  All summary parameters, with the exception of the coefficient of variation, were slightly lower in 2010 than in 2008 and 2006 (Table 5.9).  Figure 5.7 indicates that there remains a patch of higher concentration around stations 8 and 12, to the immediate south/southwest of the platform, but there is evidence of a reduction in concentration around stations 5 and 10 (to the NE of the platform) and also at station 21 at the SE limit of the survey area.
Table 5.9 Summary statistics for iron, 2006-2010
	
	Fe

	
	2006
	2008
	2010

	Min
	9240
	14200
	11472

	Max
	39600
	32300
	28029

	Median
	20750
	24750
	18612

	Average
	21020
	23468
	18534

	St Dev
	5148
	4618
	4014

	CV
	24%
	20%
	22%
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Figure 5.7 Contour plots, average iron concentrations, 2008 and 2010
Manganese

Manganese concentrations ranged from 267 to 637 μg.g-1, with median and average values of 372 and 377 μg.g-1 and a coefficient of variation of 20%.  The 2010 summary statistics were  lower in magnitude than the 2008 and 2006 data (Table 5.10).

Figure 5.8 indicates that the zone of highest concentration remains centred on stations 8 and 12, but that there has, between 2008 and 2010, been a marked reduction in concentration in the east and south of the survey area.  The apparent change in pattern is similar to that illustrated in Figure 5.7 for iron.

Table 5.10 Summary statistics for manganese, 2006-2010
	
	Mn

	
	2006
	2008
	2010

	Min
	257
	285
	267

	Max
	1500
	695
	637

	Median
	432
	476
	372

	Average
	478
	468
	377

	St Dev
	192
	86
	76

	CV
	40%
	18%
	20%
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Figure 5.8 Contour plots, average manganese concentrations, 2008 and 2010
Lead

Lead concentrations ranged from 8.3 to 32.1μg.g-1, with median and average values of 10.7 and 11.2μg.g-1 and a coefficient of variation of 32%.  Whilst minimum, median and average values were very similar to those reported in 2006 and 2008 (Table 5.11), the maximum value and the coefficient of variation were substantially higher than in those surveys.

Figure 5.9 indicates that, over most of the survey area, there has been a reduction in mercury concentration, with the maximum value isolated at station 3, and a substantial reduction in particular at station 14, 18, 19 and 21.  Although the coefficient of variation is higher than previously, this is largely due to an increase in the number of stations with low concentrations.

Table 5.11 Summary statistics for lead, 2006-2010
	
	Pb

	
	2006
	2008
	2010

	Min
	7.4
	7.5
	8.3

	Max
	15.6
	13.8
	32.1

	Median
	11.5
	10.8
	10.7

	Average
	11.8
	10.8
	11.2

	St Dev
	1.7
	1.6
	3.5

	CV
	14%
	15%
	32%
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Figure 5.9 Contour plots, average lead concentrations, 2008 and 2010
Zinc

Zinc concentrations ranged from 30.2 to 63.6μg.g-1, with median and average values of 50 and 48.1μg.g-1, and a coefficient of variation of 18%.  The minimum value was lower than in 2008, but higher than in 2006.  The maximum value was substantially lower than in 2008, but similar to that in 2006.  Median and average values were intermediate between the 2006 and 2008 values, and the coefficient of variation was slightly higher than in the two previous surveys.

Figure 5.10 indicates a persistent patch of higher concentration around stations 8 and 12, but substantially lower concentrations at stations 5 and 10 than were previously observed.
Table 5.12 Summary statistics for zinc, 2006-2010
	
	Zn

	
	2006
	2008
	2010

	Min
	19.8
	34.5
	30.2

	Max
	58.9
	82.1
	63.6

	Median
	46.0
	56.6
	50.0

	Average
	45.4
	55.1
	48.1

	St Dev
	6.7
	8.3
	8.5

	CV
	15%
	15%
	18%
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  Figure 5.10 Contour plots, average zinc concentrations, 2008 and 2010

5.2. Relationship between Metals

Table 5.13 presents the results of correlation analysis for all metals measured.  There are two distinct groups within which strong intercorrelations are evident:

· Barium (both extracted forms) and cadmium

· Iron, manganese, chromium, and zinc
A strong intercorrelation between the members of the second group would be expected, as these elements are all relatively abundant in material of geological origin.  Copper and lead concentrations are only weakly positively correlated with the second group of metals, whilst mercury concentrations have a very weak negative relationship with chromium, iron, manganese and zinc concentrations and are unrelated to other metal concentrations.

Barium and cadmium concentrations have either no (Pb, Cu, Hg), or very weak negative (Fe, Mn, Cr, Zn), association with other metals. 
Table 5.13
Correlation between Replicate Metal Concentrations, East Azeri Survey 2010 
	 
	Ba
	Ba Fusion
	Cd
	Cr 
	Cu
	Hg
	Fe
	Mn
	Pb
	Zn

	Ba
	1.00
	
	
	
	
	
	
	
	
	

	Ba Fusion
	0.98
	1.00
	
	
	
	
	
	
	
	

	Cd
	0.94
	0.92
	1.00
	
	
	
	
	
	
	

	Cr 
	-0.31
	-0.23
	-0.40
	1.00
	
	
	
	
	
	

	Cu
	0.14
	0.20
	0.07
	0.43
	1.00
	
	
	
	
	

	Hg
	0.06
	0.02
	0.12
	-0.32
	0.22
	1.00
	
	
	
	

	Fe
	-0.38
	-0.33
	-0.45
	0.93
	0.21
	-0.39
	1.00
	
	
	

	Mn
	-0.20
	-0.21
	-0.29
	0.62
	0.09
	-0.33
	0.71
	1.00
	
	

	Pb
	0.21
	0.23
	0.10
	0.12
	0.43
	0.32
	0.06
	0.04
	1.00
	

	Zn
	-0.13
	-0.05
	-0.27
	0.91
	0.61
	-0.20
	0.82
	0.59
	0.35
	1.00


As noted earlier in this chapter, the overall variation for most metals was small, with the majority of concentrations of most metals lying within 25% of the relevant median value and thus close to, or within, the limits of sampling and analytical uncertainty.  For most metals, a general reduction in overall concentration is also evident, and concentrations lie within the range established during baseline surveys as representing a natural background for the ACG Contract Area.  Although some contour plots show distinct changes in the distribution of patterns of concentration, these changes have occurred within the window of ‘normal’ conditions, and present no indication of recent contamination.  The changes might, however, indicate the progressive distribution and re-distribution of geological material derived from cuttings; if this is the case, then in most instances there is little evidence that the mineral composition of the cuttings is substantially different from that of the mineral component of natural seabed sediments.
Barium and cadmium are clearly different from other metals, in terms of both the distribution of concentration and of absolute changes in concentration.  It is notable that, although the range of concentration of barium has reduced progressively from 2006 to 2010, the average value for 2010 was slightly higher than in 2008, and the contour plots suggest a progressive spread of barium resulting in lower maximum concentration but a more even distribution over a larger part of the survey area.  In 2006, 2008 and 2010 there was a distinct association between barium and cadmium concentration; however, although concentrations of barium generally reduced between 2008 and 2010, concentrations of cadmium were in 2010 on average more than twice the concentrations reported in 2008.  Figure  5.11 compares the relationship between these two metals for all three surveys.  The most striking feature of this figure is the difference in slope of the regression for the 2010 data compared to both the 2006 and 2008 data; this indicates that in 2010 cadmium concentrations were approximately 3-5 times higher per unit barium concentration than in the two previous surveys; Table 5.5 indicates that this is not just a relative change, but also an absolute increase in concentration of on average a factor of 2.
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Figure 5.11  Scatter plot of Ba against Cd for 2006, 2008 and 2010
5.3. Comparison to Previous East Azeri Survey Data
Table 5.14 presents a station-by station comparison of average metal concentrations over four surveys.  To aid the comparison, stations where the 2010 concentrations were higher than in 2008 are highlighted in yellow.  From this, it is clear that the most marked increases are observed for barium and cadmium;  although concentrations were higher at the majority of stations for arsenic, mercury and lead,  the differences for these metals were predominantly small, and within the limits of analytical uncertainty.
Table 5.14 Comparable Metal Concentrations East Azeri Surveys 2006, 2008 and 2010 μg.g-1
	
	As
	Ba
	Ba fusion
	Cd

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

	1
	3.6
	5
	4.4
	9.9
	799
	2 220
	3970
	3279
	2 675
	4990
	4132
	0.174
	0.2
	0.36
	0.50

	2
	3.7
	5.4
	8.6
	11.8
	1166
	2 155
	2150
	2877
	2 645
	2950
	3446
	0.171
	0.25
	0.24
	0.43


	3
	6.2
	7.4
	7
	12.7
	912
	10 135
	2650
	2810
	11 915
	3025
	3774
	0.162
	0.53
	0.27
	0.28

	4
	4.7
	6.2
	5
	12.4
	868
	15 400
	4690
	5276
	16 685
	5610
	6775
	0.182
	0.73
	0.36
	0.69

	5
	4.2
	6.4
	5.5
	9.9
	1067
	9 390
	4225
	5040
	12 420
	5015
	7567
	0.184
	0.33
	0.34
	0.80

	6
	3.4
	10.4
	11.2
	11.7
	2538
	3 085
	1600
	1790
	3 780
	1829
	2627
	0.17
	0.33
	0.27
	0.36

	7
	3.6
	9.3
	6.7
	12.1
	656
	2 865
	1511
	1801
	3 470
	1730
	2480
	0.155
	0.34
	0.23
	0.33

	8
	2.7
	14.6
	7.2
	16.6
	1053
	8 755
	4955
	1998
	9 910
	5470
	2651
	0.169
	0.3
	0.32
	0.35

	9
	 
	7.2
	7.3
	11.9
	 
	5 170
	2585
	6700
	7 200
	2735
	9846
	 
	0.31
	0.29
	1.16

	10
	5.4
	13.5
	8.9
	10.4
	720
	1 820
	1680
	2921
	2 940
	1972
	3674
	0.151
	0.23
	0.27
	0.55

	11
	3.2
	14.2
	4.3
	12.6
	2082
	5 020
	1825
	1755
	6 195
	1985
	2733
	0.183
	0.41
	0.27
	0.49

	12
	4.7
	12.5
	9.9
	14.7
	1055
	571
	920
	2716
	718
	1040
	4147
	0.144
	0.14
	0.19
	0.50

	13
	3.6
	10.5
	7.3
	11.0
	1604
	5 525
	7625
	3787
	6 625
	8870
	5284
	0.148
	0.39
	0.45
	0.74

	14
	3
	9.3
	7.9
	10.5
	1042
	11 335
	11450
	5340
	16 400
	14130
	7815
	0.151
	0.47
	0.53
	0.93

	15
	9.5
	24.9
	11.9
	18.8
	869
	5 950
	2522
	3475
	8 150
	3005
	4639
	0.182
	0.23
	0.27
	0.70

	16
	
	14.4
	7.7
	12.9
	
	836
	792
	1745
	1 093
	900
	2275
	
	0.09
	0.2
	0.37

	17
	 
	7.6
	10.4
	10.3
	 
	642
	701
	724
	1 225
	820
	927
	 
	0.14
	0.2
	0.14

	18
	
	5.5
	5.4
	8.1
	
	5 890
	4515
	5133
	6 870
	5190
	6410
	
	0.44
	0.38
	0.98

	19
	 
	8.8
	6.8
	12.0
	 
	1 390
	1170
	1184
	1 650
	1235
	1495
	 
	0.22
	0.23
	0.27

	20
	
	7.5
	4.8
	11.6
	
	870
	3380
	2589
	1 815
	3860
	3071
	
	0.19
	0.28
	0.53

	21
	 
	15.1
	16.7
	16.4
	 
	5 220
	1355
	5000
	6 990
	1690
	6050
	 
	0.2
	0.21
	1.05


Table 5.14 (Continued) Comparable Metal Concentrations East Azeri Surveys 2006, 2008 and 2010 μg.g-1
	
	Cr
	Cu
	Fe
	Hg

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

	1
	49.3
	48.3
	41.4
	38.7
	29.1
	35.1
	34.4
	27.9
	21265
	20 900
	18400
	16193
	0.014
	0.02
	0.032
	0.032

	2
	43
	47.5
	44
	30.4
	25.1
	33.3
	23.3
	21.3
	18710
	20 250
	22300
	15287
	0.013
	0.02
	0.03
	0.032

	3
	43.1
	54.3
	48.7
	41.8
	24.4
	36.5
	30.9
	28.9
	22261
	23 950
	22875
	18843
	0.013
	0.02
	0.028
	0.033

	4
	44.7
	40.3
	47.1
	38.7
	30.7
	36.4
	33
	28.8
	20105
	18 150
	21300
	17824
	0.02
	0.02
	0.022
	0.028

	5
	40.7
	43
	58.4
	40.6
	28.9
	37.9
	39.2
	27.8
	18171
	19 500
	27250
	16992
	0.02
	0.02
	0.025
	0.026

	6
	45.4
	25.7
	48.3
	31.3
	23.2
	17.5
	28.9
	18.7
	17500
	14 370
	23250
	16326
	0.025
	0.01
	0.047
	0.026

	7
	58.4
	45.2
	57.5
	44.3
	28.2
	32.1
	29.5
	25.0
	23741
	21 050
	26500
	20680
	0.016
	0.02
	0.032
	0.024

	8
	54.9
	36.9
	56.8
	55.0
	32
	33
	26.3
	22.8
	20847
	18 450
	27650
	27543
	0.024
	0.02
	0.045
	0.017

	9
	 
	46.1
	50
	42.8
	 
	36
	36.5
	29.9
	 
	20 500
	22500
	19277
	 
	0.02
	0.046
	0.026

	10
	59.2
	45.6
	54.4
	33.1
	23.1
	28
	27.3
	20.4
	25656
	27 200
	26750
	15902
	0.018
	0.02
	0.046
	0.027

	11
	39.4
	31.5
	45.2
	39.9
	23.7
	23.5
	27.3
	32.1
	17800
	16 600
	19250
	17729
	0.014
	0.01
	0.022
	0.027

	12
	42.6
	55.1
	59.1
	51.6
	25.1
	30.6
	27.8
	26.9
	20320
	30 200
	29150
	24204
	0.024
	0.02
	0.022
	0.020

	13
	40.8
	36.3
	46.7
	37.8
	21.7
	34.9
	27.5
	21.3
	16706
	17 850
	21950
	16253
	0.018
	0.02
	0.025
	0.020

	14
	42.3
	47.8
	42.6
	41.8
	25.3
	31
	27.3
	23.8
	17426
	21 950
	19550
	18556
	0.024
	0.03
	0.028
	0.034

	15
	58.5
	44.7
	51.5
	42.1
	26
	34.2
	28.4
	25.3
	27960
	29 250
	25800
	20762
	0.018
	0.03
	0.024
	0.024

	16
	
	49.5
	55.5
	41.9
	
	35.2
	34.6
	25.0
	
	22 350
	25200
	18061
	
	0.02
	0.02
	0.044

	17
	 
	43.3
	55.1
	44.6
	 
	27.3
	25.8
	21.2
	 
	21 350
	25450
	20362
	 
	0.02
	0.018
	0.030

	18
	
	34
	35.5
	28.1
	
	36.4
	30.7
	24.6
	
	17 250
	17550
	12329
	
	0.02
	0.024
	0.037

	19
	 
	38.8
	47.8
	42.0
	 
	29.4
	28.8
	24.1
	 
	19 100
	22900
	20202
	 
	0.02
	0.023
	0.036

	20
	
	44
	39.4
	44.0
	
	28.4
	33.5
	28.2
	
	21 350
	18550
	21370
	
	0.02
	0.027
	0.045

	21
	 
	34.8
	57.1
	27.2
	 
	37.2
	31.3
	15.4
	 
	19 850
	28700
	14528
	 
	0.11
	0.036
	0.030


Table 5.14 (Continued) Comparable Metal Concentrations East Azeri Surveys 2006, 2008 and 2010 μg.g-1
	
	Mn
	Pb
	Zn

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

	1
	402
	428
	404
	333
	24.5
	11.7
	11.9
	11.3
	48.4
	50.9
	51.9
	50.1

	2
	344
	408
	361
	452
	27.3
	11.4
	10.8
	11.0
	42.7
	45.9
	48.5
	42.7

	3
	419
	576
	487
	414
	14.9
	13.8
	11.6
	21.2
	47.1
	54.3
	54.7
	55.1

	4
	363
	369
	453
	336
	21.9
	13.5
	10.8
	11.6
	45.9
	43.4
	54
	49.1

	5
	331
	360
	532
	356
	21.7
	13.3
	12.1
	10.7
	43.3
	46.4
	65.4
	49.6

	6
	351
	360
	434
	324
	25.9
	8.4
	10.8
	9.1
	39.9
	31.3
	49.7
	38.9

	7
	490
	615
	554
	445
	18.7
	11.6
	9.3
	10.1
	52.6
	45.8
	58.5
	50.5

	8
	409
	558
	520
	512
	16.5
	12.7
	11.1
	11.5
	48.5
	44.8
	60.7
	61.8

	9
	 
	415
	413
	383
	 
	11.8
	10.2
	12.6
	 
	51.1
	54.8
	58.4

	10
	458
	490
	489
	316
	21.1
	11.5
	11.3
	10.0
	49.4
	48.3
	67
	41.4

	11
	328
	573
	422
	317
	23.4
	10.1
	8.2
	10.9
	37.6
	51.2
	49.2
	46.4

	12
	419
	520
	540
	442
	31.5
	11.6
	10.4
	11.3
	42.6
	50.9
	59.8
	56.6

	13
	422
	415
	434
	323
	28.7
	12.2
	11.3
	10.2
	38.2
	42.9
	60.7
	44.4

	14
	388
	467
	389
	368
	23.2
	14
	13.7
	12.2
	39.7
	48.1
	52.3
	50.3

	15
	552
	505
	491
	407
	27.2
	15.3
	11.3
	12.6
	60.7
	46.8
	57.5
	50.3

	16
	
	443
	482
	351
	
	10.8
	10.6
	10.0
	
	46.5
	58.3
	46.9

	17
	 
	433
	469
	389
	 
	10.4
	9.4
	9.5
	 
	43.2
	56
	49.8

	18
	
	387
	385
	306
	
	12.1
	11.7
	10.1
	
	35.8
	42.3
	36.1

	19
	 
	395
	447
	388
	 
	10.4
	10.1
	10.5
	 
	43.7
	52.6
	50.0

	20
	
	402
	538
	376
	
	10.4
	8.7
	10.9
	
	44.1
	46.7
	50.7

	21
	 
	919
	595
	378
	 
	11.2
	10.5
	8.7
	 
	37.9
	55.8
	31.1


5.4. Metal Summary

Overall, there was little real change in concentration for the majority of metals, with either a minor decrease or increase except in the case of barium and cadmium.  With the exception of these two metals, spatial variation was limited, concentrations remained within the contract area baseline range, and, although it is not possible to determine the relative contribution of cuttings and natural sediment, there is no observable indication of contamination.
Both barium and cadmium exhibit a more distinctive pattern,  with a clear ‘footprint’ to the east of the platform, and increases in concentration at the majority of stations.  In the case of barium, the increases are moderate, and, in combination with a decrease in maximum concentrations, may represent a general spreading of cuttings and consequent homogenisation of sediments.  In the case of cadmium, two points can be noted:

a) as in previous EA surveys (and many other ACG area surveys) there is a strong association with barium 

b) although the association between cadmium and barium is persistent, the statistical characteristics of the relationship have changed since 2008;  concentrations of cadmium are considerably higher than in previous surveys, and the slope of the regression relating concentrations of the two metals is 3-5 times steeper than in previous surveys.
The data do not permit a firm explanation of these changes within the context of this survey alone. In principle, the differences might be accounted for by relatively recent discharge and dispersion of cuttings with substantially higher cadmium concentrations than were present in pre-2008 discharges.  This could, perhaps, be confirmed by obtaining core samples from the cuttings piles, and determining cadmium concentrations down a series of depth horizons.  It is also possible that cadmium levels in barite used since 2008 are higher than in barite used prior to 2008, although it is understood that the mud supplier applies the EPA limits which are reflected in the PSA and in subsequent ESIAs.  Neither possibility can be evaluated without

a) additional information on the chemistry of drilling mud and cuttings and

b) an overall review of 2010 data, to establish whether the phenomena associated with cadmium are directly related to local conditions, or whether they are due to analytical interferences which are not fully controlled by the established and approved analytical and QA/QC methodologies
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