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5. Metals in Sediments

Metal concentrations at each SDX-5 sample station were determined from 2 replicate sediment samples. Replicate values are given in Table 5.1.

Table 5.1 Replicate Metal Concentrations SDX-5 Post Drill Survey 2010 μg.g-1 dry sediment

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

	1
	R1
	4.2
	687
	805
	0.21
	59.8
	37.8
	0.09
	36,700
	790
	25.4
	104

	
	R2
	6.8
	694
	823
	0.19
	63.7
	38.8
	0.11
	38,100
	798
	26.6
	97

	2
	R1
	8.3
	815
	982
	0.25
	70.5
	42.8
	0.11
	40,400
	908
	28.0
	108

	
	R2
	4.9
	724
	875
	0.25
	64.8
	41.3
	0.15
	39,500
	842
	27.5
	107

	3
	R1
	7.2
	1,900
	2,170
	0.25
	54.9
	36.1
	0.10
	34,600
	739
	24.8
	89

	
	R2
	6.4
	1,750
	1,980
	0.27
	63.7
	40.9
	0.10
	38,900
	827
	27.8
	100

	4
	R1
	3.2
	791
	923
	0.23
	67.7
	41.8
	0.11
	41,200
	867
	27.4
	109

	
	R2
	7.3
	842
	945
	0.24
	64.3
	39.7
	0.10
	40,900
	867
	27.1
	104

	6
	R1
	6.4
	823
	892
	0.23
	68.0
	43.1
	0.11
	40,200
	892
	28.0
	109

	
	R2
	3.8
	725
	869
	0.20
	62.6
	39.2
	0.10
	39,200
	864
	26.5
	100

	7
	R1
	10.7
	673
	793
	0.23
	61.0
	41.1
	0.11
	40,000
	805
	29.6
	108

	
	R2
	4.2
	711
	802
	0.20
	60.2
	38.7
	0.09
	37,700
	783
	25.9
	101

	8
	R1
	7.2
	22,300
	426,000
	0.84
	11.6
	63.3
	0.03
	20,500
	1,650
	38.2
	33

	
	R2
	11.9
	24,800
	422,000
	0.88
	13.2
	59.0
	0.03
	22,800
	1,740
	33.2
	38

	9
	R1
	13.0
	711
	948
	0.23
	55.8
	39.1
	0.11
	40,500
	884
	27.5
	105

	
	R2
	6.3
	720
	878
	0.22
	64.6
	41.7
	0.10
	42,200
	838
	26.5
	109

	11
	R1
	5.4
	697
	965
	0.24
	65.0
	42.1
	0.10
	39,700
	845
	27.0
	106

	
	R2
	2.7
	1,500
	1,680
	0.28
	61.4
	40.3
	0.10
	42,000
	840
	28.6
	105

	12
	R1
	8.8
	635
	778
	0.21
	61.2
	36.6
	0.09
	35,400
	739
	24.7
	92

	
	R2
	4.8
	820
	992
	0.21
	62.2
	39.3
	0.09
	37,000
	790
	28.2
	102

	13
	R1
	7.4
	744
	857
	0.24
	65.8
	41.4
	0.12
	43,200
	848
	30.4
	110

	
	R2
	5.6
	758
	792
	0.21
	63.0
	40.2
	0.10
	39,100
	786
	28.6
	105

	14
	R1
	11.5
	657
	854
	0.22
	62.8
	42.0
	0.10
	41,200
	819
	31.0
	108

	
	R2
	7.3
	949
	1,120
	0.18
	62.8
	37.0
	0.11
	38,200
	764
	26.0
	99

	15
	R1
	8.6
	709
	858
	0.21
	66.4
	39.0
	0.09
	42,000
	828
	29.5
	105

	
	R2
	7.5
	654
	865
	0.19
	70.6
	41.4
	0.11
	43,800
	870
	31.2
	115

	
	Min
	2.7
	635
	778
	0.18
	11.6
	36.1
	0.03
	20,500
	739
	24.7
	33

	
	Max
	13.0
	24,800
	426,000
	0.88
	70.6
	63.3
	0.15
	43,800
	1,740
	38.2
	115

	
	Median
	7.0
	735
	885
	0.23
	62.9
	40.6
	0.10
	39,600
	839
	27.7
	105

	
	Mean
	7.0
	2,607
	33,556
	0.27
	59.5
	41.7
	0.10
	38,269
	893
	28.3
	99

	
	St Dev
	2.7
	6,184
	114,946
	0.18
	14.3
	6.1
	0.02
	5,386
	240
	2.9
	19

	
	%CV
	38
	237
	343
	64
	24
	15
	23
	14
	27
	10
	20


Table 5.2 Metal Concentration Summary Statistics Excluding Station 8: SDX-5 Post Drill Survey 2010 μg.g-1 dry sediment
	
	As
	Ba
	Ba Fusion
	Cd
	Cr 
	Cu
	Hg
	Fe
	Mn
	Pb
	Zn

	Min
	2.7
	635
	778
	0.18
	54.9
	36.1
	0.09
	34,600
	739
	24.7
	89

	Max
	13.0
	1,900
	2,170
	0.28
	70.6
	43.1
	0.15
	43,800
	908
	31.2
	115

	Median
	6.6
	725
	876
	0.22
	63.4
	40.3
	0.10
	39,850
	833
	27.5
	105

	Mean
	6.8
	862
	1,019
	0.22
	63.5
	40.1
	0.10
	39,654
	826
	27.7
	104

	St Dev
	2.6
	343
	373
	0.03
	3.8
	1.9
	0.01
	2,323
	46
	1.8
	6

	%CV
	38
	40
	37
	11
	6
	5
	11
	6
	6
	6
	5


5.1. Results

Initial examination of the replicate data indicates that replicate agreement was very good for all parameters at all stations. 

Station 8 is distinctive, with very different characteristics to the other sample stations. Table 5.2 gives the summary statistics excluding the data from station 8. When the data is considered excluding station 8 the coefficient of variation between samples reduces to 5 & 6% for Cr, Cu, Fe, Mn, Pb and Zn, and 11% for Cd and Hg, indicating that there was very little variation at the remaining stations for these elements. 

Replicate arsenic concentrations ranged from 2.7μg.g-1 at station 11 R2 to 13.0μg.g-1 at station 9 R1, the median and mean concentrations were 7.0μg.g-1 and the CV was moderate at 38%. The arsenic concentration at station 8 was within the range recorded at the other sample stations.
Ba extraction by nitric acid (HNO3) ranged from 635 to 1,900μg.g-1 at stations 12R1 and 3R1 respectively, with a median of 725μg.g-1 and mean of 862μg.g-1. The concentrations in samples from station 8 were far higher with 22,300 and 24,800μg.g-1.

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. 

Excluding station 8 the concentration of total Ba ranged from 778μg.g-1 to 2,170μg.g-1 at stations 12R1 and 3R1 respectively, with median and mean concentrations of 876 and 1,019μg.g-1. The concentration of HNO3 Ba as a proportion of total Ba within these samples was generally high, ranging from 72 to 96%.

Replicate total Ba concentrations at station 8 were extremely high with 426,000 and 422,000μg.g-1. The proportion of HNO3 Ba in these samples was very low at 5 and 6% and indicates the presence of barite from discharged drilling fluid.

The median and mean values quoted for the following elements will exclude the data from station 8 and are provided in table 5.2.  
The concentration of cadmium in replicate samples ranged from 0.18μg.g-1 at station 14R2 to 28μg.g-1 at station 11R2 with median and mean concentrations of 0.22μg.g-1. The replicate cadmium concentrations at station 8 were higher with 0.84 and 0.88μg.g-1.

Chromium concentrations range from 54.9 to 70.6μg.g-1 at stations 3R1 and 15R2 with median and mean concentrations of 63.4 and 63.5μg.g-1. The concentrations recorded at station 8 were lower with 11.6 and 13.2μg.g-1. 

Replicate copper concentrations ranged from 36.2 to 43.1μg.g-1 at stations 3R1 and 6R1 with a median and mean concentration of 40.3 and 40.1μg.g-1. Higher concentrations of 63.3 and 59.0μg.g-1 were recorded at station 8.

Mercury concentrations ranged from 0.09μg.g-1 at stations 1R1, 7R2, 12R1, 12R2 and 15R1, to a maximum of 0.15μg.g-1 at station 2R2, with median and mean concentrations of 0.10μg.g-1. Concentrations recorded at station 8 were lower with 0.03μg.g-1 in both replicate samples.

The concentration of Iron in replicate samples ranged from 34,600 to 43,800μg.g-1 at stations 3R1 and 15R2 respectively with median and mean concentrations of 39,850 and 39654μg.g-1. Iron concentrations in samples from station 8 were lower with 20,500 and 22,800μg.g-1.

Manganese concentrations ranged from 739μg.g-1 at station 3R1 to 908μg.g-1 at station 2R1, with median and mean concentrations of 833 and 826μg.g-1. Higher concentrations of 1,650 and 1740μg.g-1 were observed at station 8. 

Replicate lead concentrations ranged from 24.7 to 31.2μg.g-1 at stations 12R1 and 15R2 respectively, with median and mean concentrations of 27.5 and 27.7μg.g-1. The concentrations recorded at station 8 were slightly higher with 33.2 and 38.2μg.g-1.

Concentrations of Zinc in replicate samples ranged from 89μg.g-1 at station 3R1 to 115μg.g-1 at station 15R2. Lower concentration of 33 and 38μg.g-1 were observed at station 8.

Excluding the data from station 8, the minimum concentrations of Cr, Cu, Fe, Mn and Zn were all present in replicate 1 at station 3 and the highest concentrations of Cr, Fe, Pb and Zn were recorded in replicate 2 from station 15.

5.2. Relationship between Metals

The relationship between elements was tested by a Pearson’s r correlation analysis of replicate values. Station 8 was omitted from the analysis as the sediment type and metal composition differs to all other stations.

The results of the correlation analysis are given in table 5.3 below. Moderate to high correlation coefficients have been given between elements Cr, Cu, Fe, Mn, Pb and Zn. Figure 5.1 gives the paired variable scatter plots, which indicate that the concentrations of each element are increasing together.

Moderate correlation coefficients of 0.56 and 0.55 were given between Cd and both extracted forms of Ba.

Table 5.3
Correlation between Replicate Metal Concentrations; SDX-5 Post Drill Survey 2010 

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

	As
	1.00
	
	
	
	
	
	
	
	
	
	

	Ba
	-0.19
	1.00
	
	
	
	
	
	
	
	
	

	Ba Fusion
	-0.14
	0.99
	1.00
	
	
	
	
	
	
	
	

	Cd
	-0.06
	0.56
	0.55
	1.00
	
	
	
	
	
	
	

	Cr 
	-0.16
	-0.34
	-0.35
	-0.02
	1.00
	
	
	
	
	
	

	Cu
	0.00
	-0.24
	-0.23
	0.37
	0.69
	1.00
	
	
	
	
	

	Hg
	0.02
	-0.07
	-0.06
	0.30
	0.27
	0.40
	1.00
	
	
	
	

	Fe
	0.13
	-0.27
	-0.26
	0.14
	0.61
	0.70
	0.29
	1.00
	
	
	

	Mn
	0.04
	-0.22
	-0.20
	0.29
	0.59
	0.76
	0.33
	0.73
	1.00
	
	

	Pb
	0.31
	-0.21
	-0.20
	0.11
	0.48
	0.63
	0.25
	0.76
	0.45
	1.00
	

	Zn
	0.04
	-0.47
	-0.46
	0.07
	0.63
	0.81
	0.36
	0.85
	0.72
	0.73
	1.00
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Figure 5.1 Paired Variable Scatter Plots 

5.3. Comparison with Previous Survey Data

Table 5.4 below gives the averaged metal concentrations from the 2007 baseline survey and the 2010 post drill survey. 

Other than a similar concentration of arsenic, the average concentration of all elements have changed between surveys at station 8. Along with the obvious increases in Ba concentrations, higher concentrations of Cd, Cu, Hg, Mn and Pb were recorded in 2010 whereas lower concentrations of Fe, Zn, and Cr were present. The characteristics at station 8 in 2007 were very similar to the other survey stations.

Slightly higher average Ba concentrations were also observed at stations 3 and 11 in 2010, with respective total Ba concentrations increasing from 734 and 749μg.g-1 to 2,075 and 1,322μg.g-1. Station 3 is located 250m SSE of the drill site and station 11 is 400m ENE of the drill site. 

Overall there has been very little change in the concentration of metals between surveys. The universally higher concentrations of Hg and Zn recorded in 2010 (+20 & 30%) will be the result of analytical variation rather than an area wide increase in concentration.

Table 5.4a
Average Metal Concentrations µg.g-1 SDX-5 Baseline Survey 2007 & Post Drill Survey 2010
	 
	As
	Ba HNO3
	Ba Fusion
	Cd
	Cr 
	Cu

	 Station
	2007
	2010
	2007
	2010
	2007
	2010
	2007
	2010
	2007
	2010
	2007
	2010

	1
	9.7
	5.5
	578
	691
	774
	814
	0.24
	0.20
	67.9
	61.8
	44.9
	38.3

	2
	10.2
	6.6
	593
	770
	768
	928
	0.24
	0.25
	72.2
	67.6
	46.0
	42.1

	3
	11.6
	6.8
	557
	1,825
	734
	2,075
	0.23
	0.26
	68.4
	59.3
	44.5
	38.5

	4
	11.9
	5.2
	604
	817
	745
	934
	0.23
	0.23
	75.0
	66.0
	43.7
	40.7

	6
	12.0
	5.1
	629
	774
	765
	880
	0.23
	0.21
	75.9
	65.3
	44.6
	41.2

	7
	11.6
	7.5
	530
	692
	752
	798
	0.25
	0.22
	62.1
	60.6
	43.6
	39.9

	8
	10.2
	9.6
	533
	23,550
	720
	424,000
	0.20
	0.86
	65.3
	12.4
	43.1
	61.1

	9
	10.8
	9.7
	571
	715
	780
	913
	0.21
	0.22
	64.3
	60.2
	43.5
	40.4

	11
	11.6
	4.1
	575
	1,098
	749
	1,322
	0.26
	0.26
	68.3
	63.2
	44.9
	41.2

	12
	14.1
	6.8
	593
	727
	742
	885
	0.26
	0.21
	72.5
	61.7
	45.2
	37.9

	13
	10.8
	6.5
	497
	751
	751
	825
	0.25
	0.23
	55.8
	64.4
	41.8
	40.8

	14
	12.2
	9.4
	475
	803
	690
	987
	0.23
	0.20
	57.8
	62.8
	44.6
	39.5

	15
	11.6
	8.0
	450
	682
	671
	861
	0.20
	0.20
	54.5
	68.5
	42.5
	40.2

	min
	9.7
	4.1
	450
	682
	671
	798
	0.20
	0.20
	54.5
	12.4
	41.8
	37.9

	max
	14.1
	9.7
	629
	23,550
	780
	424,000
	0.26
	0.86
	75.9
	68.5
	46.0
	61.1

	median
	11.6
	6.8
	571
	770
	749
	913
	0.23
	0.22
	67.9
	62.8
	44.5
	40.4

	mean
	11.4
	7.0
	553
	2,607
	742
	33,556
	0.23
	0.27
	66.1
	59.5
	44.1
	41.7

	st dev
	1.1
	1.8
	53
	6,300
	32
	117,314
	0.02
	0.18
	7.0
	14.4
	1.2
	6.0

	%CV
	10
	26
	10
	242
	4
	350
	9
	65
	11
	24
	3
	14


Table 5.4b 
Average Metal Concentrations µg.g-1 SDX-5 Baseline Survey 2007 & Post Drill Survey 2010
	 
	Fe
	Hg
	Mn
	Pb
	Zn

	 Station
	2007
	2010
	2007
	2010
	2007
	2010
	2007
	2010
	2007
	2010

	1
	35,694
	37,400
	0.07
	0.100
	802
	794
	24.8
	26.0
	84.1
	100.7

	2
	37,082
	39,950
	0.08
	0.128
	843
	875
	24.3
	27.7
	83.1
	107.1

	3
	35,659
	36,750
	0.07
	0.101
	829
	783
	23.3
	26.3
	79.8
	94.5

	4
	37,138
	41,050
	0.08
	0.103
	827
	867
	24.2
	27.3
	82.4
	106.4

	6
	37,899
	39,700
	0.08
	0.101
	853
	878
	24.5
	27.3
	83.7
	104.5

	7
	36,311
	38,850
	0.07
	0.101
	841
	794
	24.3
	27.7
	82.4
	104.6

	8
	37,679
	21,650
	0.07
	0.032
	864
	1695
	24.5
	35.7
	82.2
	35.5

	9
	37,562
	41,350
	0.08
	0.102
	815
	861
	25.2
	27.0
	85.7
	107.0

	11
	35,260
	40,850
	0.08
	0.101
	784
	843
	25.1
	27.8
	86.9
	105.4

	12
	40,832
	36,200
	0.08
	0.092
	909
	764
	25.3
	26.5
	87.6
	97.3

	13
	37,825
	41,150
	0.07
	0.108
	840
	817
	23.5
	29.5
	78.0
	107.7

	14
	36,645
	39,700
	0.07
	0.103
	835
	792
	24.4
	28.5
	81.1
	103.3

	15
	37,676
	42,900
	0.07
	0.100
	856
	849
	23.7
	30.3
	78.0
	109.7

	min
	35,260
	21,650
	0.07
	0.03
	784
	764
	23.3
	26.0
	78.0
	35.5

	max
	40,832
	42,900
	0.08
	0.13
	909
	1695
	25.3
	35.7
	87.6
	109.7

	median
	37,138
	39,700
	0.07
	0.10
	840
	843
	24.4
	27.7
	82.4
	104.6

	mean
	37,174
	38,269
	0.08
	0.10
	838
	893
	24.4
	28.3
	82.7
	98.8

	st dev
	1419
	5357
	0.00
	0.02
	31
	244
	0.6
	2.5
	3.0
	19.5

	%CV
	4
	14
	6.32
	21.79
	4
	27
	3
	9
	4
	20


Table 5.5 below gives the 2007 and 2009 metal concentrations at Shah Deniz Regional stations 31 and 32, which are located in a similar position and depth to the SDX-5 stations.

When the SDX-5 data is compared to the data from Regional stations 31 and 32, the only notable difference are the lower Cr concentrations in samples from SDX-5 stations, with concentrations ranging 55-70μg.g-1 (excluding station 8) compared to ≥85.9μg.g-1 at regional stations 31 and 32.

Table 5.5
Average 2007 & 2009 Metal Concentrations µg.g-1 at SD Regional Stations 31 & 32
	 
	As
	Ba HNO3
	Ba Fusion
	Cd
	Cr
	Cu

	Station
	2007
	2009
	2007
	2009
	2007
	2009
	2007
	2009
	2007
	2009
	2007
	2009

	31
	18.4
	15.4
	699
	805
	1049
	845
	0.23
	0.19
	85.9
	86.7
	36.4
	34.0

	32
	17
	7.7
	697
	717
	1037
	770
	0.16
	0.16
	87.3
	88.8
	40.2
	35.0

	
	
	
	
	
	
	
	
	
	
	
	
	

	 
	Fe
	Hg
	Mn
	Pb
	Zn
	
	

	Station
	2007
	2009
	2007
	2009
	2007
	2009
	2007
	2009
	2007
	2009
	
	

	31
	38,300
	41,900
	0.10
	0.09
	733
	912
	21.6
	26.5
	86.4
	99.1
	
	

	32
	39,800
	40,500
	0.10
	0.10
	785
	810
	23.6
	28.1
	91.9
	102.3
	
	


5.4. Metal Summary

The metal composition in replicate samples taken at station 8 differed to those taken from all other stations. 

Excluding station 8 the variation between samples was very low and ranged from 5-11% for elements Cd, Cr, Cu, Hg, Fe, Mn, Pb and Zn. Variation between samples for both extracted forms of Ba and As were higher and ranged from 37-40%. 

Excluding station 8, the presence of elements Cr, Cu, Fe, Mn, Pb and Zn were found to be interrelated, indicating that these metals were associated with the same mineral fraction of the sediment.
When the 2010 post drill data was compared to the results from the 2007 baseline survey, there was very little difference in metal concentrations. However, the results from station 8 indicate a large change in the metal composition between surveys, with the extremely high total Ba concentrations in 2010 indicating the presence of discharged drilling fluids. Slightly higher Ba concentrations were also recorded at stations 3 and 11, 250m SSE and 400m ENE of the drill site.
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