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EXECUTIVE SUMMARY

The overall objective of the project is to establish typical concentrations of
EC Dangerous Substances Directive List I and List 11 metals in sediments within
UK estuarine and coastal waters and to use these data as a basis for
classifying such waters into four classes based on the extent of sediment
contamination. This is to be achieved by means of a desk study.

An extensive literature search has been conducted and sources of unpublished
data approached, from whom data is still being received. The initial
conclusions drawn from these data are that there is a lack of information from
uncontaminated sites from which background levels could be derived and that
there is no standardisation of sampling, analytical and data management

techniques.

Following a review of the information already collated a plan for future work

is outlined.

KEY WORDS

Metals, Sediment, Statutory Quality Objectives
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1. INTRODUCT ION

The overall objective of the project is to establish typical concentrations of
EC Dangerous Substances Directive List 1 and List Il metals (in particular Hg,
Cd, Cu, Pb, Cr, Ni, As and Zn) in sediments within UK estuarine and coastal
waters. These data will be utilised as a basis for classifying such waters
into four classes based upon the extent of sediment contamination.

The initial classification is to be achieved by means of a desk study to review
existing information on List I and List Il metal levels iIn surface sediments
from UK estuaries and coastal waters. The review must consider the
comparability between sites of different granulometric composition and identify
any metals for which there is insufficient information to provide a basis for
the classification scheme.

The information gathered above will be used to establish a typical
""uncontaminated’ background level for each metal and propose an incremental
scale of classification. The scale will be based on multiples of the
background levels to represent three further classes: elevated, substantially
elevated and grossly elevated.

The implications of the proposed class determining values for a representative
cross section of estuaries and coastal waters will then be determined, and a
standardised sampling and analysis strategy defined.



2. METHOD OF STUDY

The fTirst stage of the study was to review existing information on List I and
List Il metals in surface sediments from UK estuaries and coastal waters.

An extensive literature search has been carried out and all the relevant
articles obtained, reviewed. Most of the thirty five articles found date from
the early to mid 197/0s, although some papers have been published recently and
the subject seems to be receilving iIncreasing attention iIn recent years. A full
list of the areas for which data have been found is shown in Figure A_l.

Unpublished data are a potential source of information, consequently a range of
organisations have been approached including the NRA regions, Scottish RPBs,
MAFF, SOAFD, Lothian and Grampian Regional Councils and the British Geological
Survey. Letters and questionnaires requesting data and information regarding
sampling and analytical techniques were sent out in late September and early
October. Follow up meetings were held with representatives from the following
NRA regions:

North West
Northumbrian
Severn Trent
Southern
Wessex

© O o o o o

Yorkshire

The response to the data requests varied greatly between the regions, but was
generally positive. Some information has been received already and we hope to
complete the data collection by the end of November. Areas for which recent
data have been obtained are shown in Figure A.2. Attempts are being made to
fill any gaps. The British Geological Survey, for example, has been approached
as a source of coastal data.

Most of the data available from the literature and from information from the
NRA and other sources, cover waters that are expected to have a heavy metal
contamination problem, for example, the Mersey and Severn estuaries. Very few



data are available that could be used to establish typical "‘uncontaminated"
levels of the metals in sediments. A contact in Eire has been approached as a
possible source of background data and although no information has yet been
received, the iInitial response was favourable. It may be necessary for some
sampling of uncontaminated sites to be conducted in order to establish a firm
base for the classification scheme. However, even using this information it
may not be possible to identify the background levels because of insufficiently
sensitive analytical techniques. This is illustrated by some of the data we
have already collated. Another problem arising because most of the monitoring
has been conducted in contaminated waters is that there will be an inevitable
bias towards the higher classes of contamination.



3. INTERIM RESULTS

3.1 Data handling

Each region has i1ts omn data handling facilities and therefore the data
available i1s being sent in several different formats. We have asked for data
to be sent on disc wherever possible and are currently processing these discs
into a conmon format. Data which have arrived as hard copy are being entered
into the 20/20 spreadsheet package, so that all the data sets are in the same
format. Examples of this are shown in Appendix B.

3.2 Analysis and sampling strategy

From the data obtained from the literature search and from the NRA and other
sources, it would appear that there is no standard sampling or analytical
procedure. The two critical factors affecting analytical results appear to be
the granulometry of the sample and the extraction technique used to prepare the
samples for metal determination. These must be considered when data are
examined to construct the statutory quality objective.

It has been shown by many authors that metals associate most strongly with the
finer sediment factions and reports show that correction for differences in
grain size composition is best effected by isolating and analysing the <63 pm
grain size fraction. Despite this there is a wide variation iIn the
granulometry of the sample analysed.

The method employed to extract the metals from the sediments has an effect on
the proportion of the metal extracted. A mixture of hydrofluoric, perchloric
and nitric acids, for example, will completely destroy the silicate matrix and
release all metals present in the sediment. Perchloric acid will liberate only
some of the metal that is fixed In the silicate matrix of the sediment whereas
cold extraction techniques using weaker chemicals (e.g.- EDTA and acetic acid)
give a measure of the "available™ metal content of the sediment by extracting
those metals which are weakly bound.



4. FUTURE WORK PROGRAMME

4.1 Data handling

As an initial step the distribution of metal levels for individual estuarine
and coastal sites will be analysed in an attempt to identify the variables will
affect the metal levels. Once this is completed, the most comparable data will
be reviewed.

4.2 Analysis and sampling strategy

There is a need for the wide range of analysis and sampling techniques
currently in use to be rationalised and standardised and Alistair Gunn 1is
currently developing a sampling and analysis strategy. Findings from the NRA
Laboratory Managers Group and details of techniques currently being employed in
this area will be taken into account in the assessment of the data.



APPENDIX A - AREAS FOR WHICH DATA HAVE BEEN OBTAINED

Figure .1 Areas covered by literature

11



Key to Figure A_l

Nc Estuary or Coastal StretchYear/s of Report

1 River Blyth 1974
2 River Tyne 1979(L2) 1990
3 River Wear 1979
4 River Tees 1974 1979
5 Humber Estuary (1961-1981) 1973 1977 1979(&) 1989
1990032
6 River Colne 1975
7 Thames Estuary 1973 1979 1989
8 Poole Harbour 1975
9 Tor Bay 1974
10 River Helford 1975 1979
10 Restronguet Creek 1975 1979
11 River Hayle 1976 1976
12 Bristol Channel (and1972 1975
13 Severn Estuary)
14 Swansea Bay 1972
15 Mersey Estuary 1974-1983 1986
16 Solway Firth 1973 1976
17 Firth of Clyde 1972
Firth of Forth c. 1990



Figure A.2 Areas covered by unpublished data
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Key to Figure A.2

Nc Estuary or Coastal Stretch
1 Tamar Estuary and Plymouth Sound
2 Fal Estuary and Tributaries
3 Teignmouth and area
4 Axe
5 Exe
6 Hayle
7 River Caen
8 Taw
9 Severn Estuary and Bristol Channel
10 Thames
1 Mersey
12 Humber
13 Solway Firth
14 St Abbs Head and Bell Rock
15 Whitehaven Area
16 Poole Harbour and Portland
17 Swansea Bay
18 Southampton Water and the Solent

14



APPENDIX B - EXAMPLES OF DATA

Table B.l Data for the Thames Estuary

SITE NAME
HAMMERSMITH BRIDGE
hammersmith bridge
hammersmith bridge

raw
KEW
KEW
TEDDINGTON
TEDDIKGTON
TEDDINGTON
ALUULLOW3
ALLHALLOWS
ALLHALLOWS

CRAVESEMO

GRAVESEND

GRAVESEND

CANVEY BEACH
CANVEY BEACH
CANVEY BEACH

GREENWICH

GREENWICH

GRZLNWTCH

SOOTH BAOTC CT11TM
SOOTH BANK CEMTR*
SOOTH BAKK CENTRE
EA REACH MO.2 BOOT
EA REACH HO.2 BOOT
EA REACH NO.2 BOOT
SOUTHEND

SOUTHEND

SOOTREND

GRAIN TLATS

CRAIN TLATS

GRAIN FLATS
CHAPMAN BOOT
CHAPMAW BOOT
CHAPMAN BOOT
BLYTHE SANDS
BLYTHE SA1JOS
BLYTHE 3ALTIS
hocking

mocking

MDCKIKG

LONDON BRIDGE
LONDON BRIDGE
LONDON BRIDGE
CADOGAM PIER
CAOOCAN PIER
CADOCAN PIER
WOOLWICH
WOOLWICH
WOOLWICH
BECKTON
BECKTON
BECKTON
CROSSNESS
CROSSNESS
CROSSNESS
PURTLELT
PORTLEET
PURTLEET
WEST THCTRROCK
WEST TFIORROCK
WEST THORROCK

GRID.

REF
780
780
780
779
779
779
713
713
715
792
792
792
743
745
743
624
24
824
780
780
780
803
803
803
=10
=10
=10
828
828
828
793
793
793
=13
=13
813
803
803
803
80S
80S
808
BOS
003

S0S
776

776
776
793
793
793
813
«13
813
809
809
809
761
761
761
770
770
770

DATE

1ST QUARTER 1990
13-03-90
24-07-90

1ST QOARTEA 1990
13-03-90
24-07-90

1ST QUARTER 1990
13-05-90
24-07-90

1ST QOAATER 1990
30-05-90
29-08-90

1ST QUARTER 1990
30*03-90
29-08-90

1ST QOAATER 1990
26-06-90
23-09-90

1ST QUARTER 1990
13-06-90
26-07-90

1ST QOAKTER 1990
13-06-90
26-07-90

1ST QUARTER 1990
01-03-90
14-08-90

1ST QOAATER 1990
01-03-90
14-08-90

1ST QUARTER 1990
01-03-90
14-08-90

1ST QOAFLTtR 1990
01-03-90
14-08-90

1ST QUARTER 1990
01-03-90
14-08-90

1ST QOAATER 1990
01-05-90
14-00-90

1ST QOAKTER 1990
17-03-90
09-08-90

1ST QUARTER 1990
17-05*90
09-08-90
QUARTER 1990
03-06-90
27-09-90

1ST QUARTER 1990
05-06-90
27-09-90

1ST QUARTER 1990
05-06-90
27-09-90

1ST QUARTER 1990
03-06-90

27 -9-90

1ST QUARTER 1990
03-06-90
27-09-90

1

1)
=

size
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47000
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31000
29700
20400
12600
13300
23500
21500
27000
28300
14100
13000
27600
21000
14600
12600
19900
29000
30600
41300
37000
37000
13200
17600
20400
10900
10400
19100
12900
22100
25500
23000
26300
40300
11*70
21600
26300
22670
27900
29900
28200
15600
43000
41900
36200
34300
34900
35300
34600
26570
29900
31600
24900
27700
31000
26700
32500
2B200
24500
30400
28200

NICKZL
83

134
32
36

1INC

124

326
U»

233
191

LEAD ARSENIC KANGAETCSE
21.1:

383 . 1490
773 23. 4 4390
194 17.7 003
330 11.74 710
287 11.1 800
199 14.0 770
399 4.(4 690
273 13.3 304
309 13.3 726
37 u.9 343
97 13.4 340
73 13.0 370
76 11.70 467
130 13.1 336
110 16.0 439
40 12.06 337
09 13.3 320
63 13.7 460
134 11.26 610
174 16.6 300
137 13 364
1634 6.34 293
262 16.6 790
990 21.1 1460
4.9 6.34 234
73 10.2 284
63 13.9 390
23 9.76 273
37 11.7 210
63 13.3 293
20 4.70 211
64 13.3 292
63 14.2 410
34 13.3 403
100 18.3 350
70 45.1 616
32 7.8 194
77 11.2 312
103 19.8 460
50 2.14 347
104 13.4 400
102 13.8 488
334 19.72 360
749 324
433 13.6 723
113 13.4 370
226 18.3 790
179 15.S 023
132 13.14 750
211 10.1 723
290 24.4 449
99 10.4 406
136 13.3 499
136 13.7 654
120 LI 434
130 14.1 480
139 16 574
73 10.10 318
143 19.3 382
172 10.2 684
50 9.{6 433
147 16.0 670
104 14.7 575



Table B.1 continued

CRAVESEND
GRAVESEND
GRAVESEND
PURTLEET

PURTLEET

PURTLEET

WEST TBURROCK
HEST THURROCK
WEST THURROCK
SHOEBURYMESS EAST
SHOEBtJRYNESS EAST
SHOEBORTNESS EAST
SOOTHIND

SOUTHEND

SOUTHEND
WOOLWICH
WOOLWICH
WOOLWICH
CROSSNESS
CROSSNESS
CROSSNESS
HAMMERSMITH BRIDGE
HAMMERSMITH BRIDGE
KEW

new

TEDD INCTON
TEDDINGTOM
ALLHALLOW9
ALLHALLOWS
GRAVESEND
GRAVESEND

CILNVTY BUCK
CANVEY BEACH
GREENWICH
GREENWICH

SOUTH BANK CENTRE
SOUTH BANK CENTRE
SEA REACH NO.2 BOOK
SEA REACH NO.2 BUOY
SOOTHIND

SOUTHEND

GRAIN rLATS

GRAIN rLATS
CHAPMAN BUOY
CHAPMAN BUOY
BLYTHE SANDS
BLYTHE SANDS
MOCKING

MUCKING

LONDON BRIDGE
LONDON BRIDGE
CADOGAN PIER
CADOGAN PIER
WOOLWICH

wooLwiCB

BECKTON

BECKTON

CROSSNESS
CROSSNESS
PURTLEET

PORTLEET

WEST THURROCK
WEST THURROCK

746
146
746
7B6
786
786
770
770
770
850
830
830
844
844
844
793
793
793
809
809
809
780
780
770
770
715
715
792
792
745
745
824
824
780
780
803
803
810
810
828
828
795
795
813
813
BOS
BOS
BOB
808
BOS
803
776
776
794
794
813
813
809
809
761
161
770
770

1ST QUARTER 1990
03-04-90
27-09-90

1ST QUARTER 1990
26-06-90
12-09-90

1ST QOAFITER 1990
26-06-90
12-09-90

1ST QUARTER 1990
18-06-90
11-09-90

1ST QUARTER 1990
18-06-90
11-09-90

1ST QUARTER 1990
12-06-90
23-09-90

1ST QUARTER 1990
12-06-90
23-09-90

1ST QUARTER 1990
13-03-90

1ST QUARTER 1990
13-03-90

1ST QUARTER 1990
13-03-9

1ST QUARTER 1990
30-03-90
1ST QUARTER 1990
30-03-90
1ST QUARTER 1990
20-06-90
1ST QUARTER 1990
13-0*-90
1ST QUARTER 1990
13-06-90
1ST QUARTER 1990
01-03-90
1ST QUARTER 1990
01-03-90
1ST QUARTER 1990
01-03-90
1ST QUARTER 1990
01-03-90
1ST QUARTER 1990
01-03*90
1ST QUARTER 1990
01-03-90
1ST QUARTER 1990
17-03-90
1ST QUARTER 1990
17-03-90
1ST QUARTER 1990
03-06-90
1ST QUARTER 1990
03-06-90
1ST QUARTER 1990
05-06-90
1ST QUARTER 1990
03-06-90
1ST QUARTER 1990
05-06-90
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119
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120
101

148

314

321
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619
560
360
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164
207
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260
294
327

366
649
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630
266
207
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198
240
173
146
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219
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138
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119
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120
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Table B.2 Data for the Mersey Estuary

SITE GRID REF

5145
5170
5190
5215
3235
4820
<835
4850
4865
4880
4895
4915
4923
4740
4760
4780
4803
4823
4845
4865
4890
4910
4935
4955
4975
4993
5000
4975
4953

8420
9305
8380
8360
8340
5150
5150
5148
5145
5143
5140
5136
3133
3083
5080
5075
5070
5060
5055
5050
5040
5035
5030
5025
5013

ADGDST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
ADGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST

AOGCST 1

AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST

AUGUST 1

AUGUST
august
AUGUST
AUGUST
AUGUST
AUCUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST
AUGUST

DATE

1989
1989

512E FRACTIOH
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL

COPPER CADMIUM
22.72

0.77

OrroOO C)O ooo F)F*P 0O° O000UIOOOO
h N §
w w



MERCURY CHROMIOM 1INC LEAD AKSCNIC t SILT CONTENT

0.7 20.4 281.6 41.9 30.88 19.1
0.2 5.9 123.54 13.1 -4.96 1.9
0.2 7.86 96 .01 13.69 -3 7.9
0.09 4.46 76.88 9.49 -4.91 1.2
0.7 19.99 219.8 38.69 -3.63 23.1
2.9 119.07 1130 303.92 162.3 67.2
0.2 4.41 72.5 10.07 -4.91 2.3
0.2 3.91 61.3 8.26 -4.96 0.9
0.2 4.33 70.47 12.93 -4.91 1.1
0.1 3.11 30.32 7.93 -4.88 1.3
0.2 4.66 79.06 11.6 -4.96 2
0.09 3.78 37.39 S. 63 =4.66 1.2
0.3 11.63 173.63 31.9 -3.41 16.3
2.3 79.34 399.93 113.92 11.29 69.2
0.6 20.91 261.09 33.31 -3.41 12.9
0.2 6.01 123.43 16.36 -3.19 3.9
0.09 3.61 34.22 9.13 -4.69 2.3
0.2 6.96 91.07 13.13 -3.32 3.9
0.2 6.33 94.19 14,94 -3.32 12
0.6 16.13 123.92 29.61 -3.36 29.3
0.6 13.0S 164.13 32.42 -3.26 14
0.3 13.24 139.93 32.72 =3.36 16.3
0.6 16.72  139.63 33.16 -3.32 16.9
1.9 77.23 377.49 126.39 -6.37 61.6
1.3 37,16 228.68 97.47 10.14 60.7
1.2 37.62 306.31 69.22 -6.29 32.2
1.1 29.2 232.07 36.91 31.16 47
1.1 23.29 221.09 49.39 6.19 32
0.3 46.73 131,43 32.29 =3.43 12.9
0.4 9.37 148.3 24.74 -3.24 6.7
0.09 4. 65 63.16 10.26 -3.12 4.1
o .ob 3.63 42.94 6. 64 -4.91 0.5
0.06 S. 19 46.93 8.27 =4.86 0.3
0.09 3.81 8.84 -4.91 1.3
0.1 3.24 74.92 10.72 -3.06 2.6
0,03 4.03 39.43 9.36 -4.91 0.6
0.1 4.41 63.03 10.6 =4.96 2.2
0.07 4.6 77.71 10.93 -3.06 1.8
0.06 4. 63 61.26 8.74 -3 2.2
0.06 3.39 41.86 7.57 5 0.2
0.06 3.87 43 .64 7.84 -4.66 0.7
1.4 41.81 298.14 76.41 6.69 66
1.8 72.48 389.36 128.62 12.26 88.3
1.3 54.78 334.66 97. 24 11.47 82.7
1.6 63.66 418.01 138.86 19.1 96.1
2 96. 16 440.1 154.62 15.71 97 .8
1.7 69.73 330.51 116.65 14.65 89.4
1.9 62.81 325.48 112.37 11.47 92.3
2 82.93 416.19 146.36 15.71 93.5
1.3 63.28 321.63 112.45 13.34 B .6
1.4 11.68 441.32 121.06 44.74 75.3
0.1 4.86 82.63 12.62 -5.12 1.7
0.06 4.32 51.35 9.24 -4.96 2.6
0.06 4 59.63 7.78 -3.06 1.4
0.04 3.18 41.03 7.17 -3 1.7
0.2 6.41 37.37 13.61 -4.68 1.1
0.06 3.66 32.32 9.76 -4.96 1.6
0.06 4.04 43.79 8.31 -4.86 0.7
2.2 60.1 461.97 163.13 23.99 74.3
1.9 43.66 373.92 94.36 9.39 77.1



Table B.2 continued

SJ 4747 4815 AUGUST 1989 TOTAL 32.27
5J 4750 4790 AOGUST 1909 TOTAL 95.94
SJ 4425 5140 AUGUST 1989 TOTAL 81.73
SJ 4420 5115 AUGUST 1989 TOTAL 8.88
SJ 4410 5095 AUGUST 1999 TOTAL 4.98
SJ 4400 5070 AUGOST 1909 TOTAL 2.1
SJ 4390 5055 AOGOST 1989 TOTAL 4.14
SJ 4360 5030 AOCOST 1909 TOTAL 3.98
SJ 4373 5005 august 1989 TOTAL 5.8
SJ 4365 49B7 AUGUST 1989 TOTAL U

SJ 4355 4965 AUGUST 1989 TOTAL 8.97
SJ 4345 4940 AOGUST 1989 TOTAL 3.44
SJ 4335 4915 AUGUST 1989 TOTAL 3.24
SJ 4325 4900 august 1989 TOTAL 2.44
SJ 4315 4875 AOGUST 1989 TOTAL 5.6
SJ 4305 4853 AUGUST 19B9 TOTAL 2.62
SJ 4295 4830 AUGUST 1989 TOTAL 5.3
SJ 4285 4810 AUGOST 1989 TOTAL 3.22
SJ 4275 4785 AUGUST 1989 TOTAL 22.92
SJ 4265 4765 AUGOST 1989 TOTAL 23.09
SJ 41C0 3223 AUGUST 1989 TOTAL 54.09
SJ 4115 5215 AOGUST 1989 TOTAL 2.2
SJ 4075 5205 AOGUST 1989 TOTAL 1.99
9J 4030 5195 AOGOST 1989 TOTAL 1.63
SJ 3995 5180 AOGUST 1989 TOTAL 3.26
SJ J9sSO 3170 AUGOST 1989 TOTAL 1.3
SJ 3910 3160 AUGUST 1959 TOTAL 3.22
SJ 3865 3143 AOGUST 1989 TOTAL 2.46
SJ 3830 3133 AUGUST 1989 TOTAL 1.86
SJ 3785 3123 AOGOST 1989 TOTAL 2.47
SJ 3745 3113 AOGOST 1989 TOTAL 2.29
SJ 3700 3100 AOGOST 1989 TOTAL 13.33
SJ 3210 9603 AOGOST 1989 TOTAL 13.41
SJ 3490 8753 AOGOST 1989 TOTAL 19.52
SJ 3775 8330 AOGOST 1989 TOTAL 64.65
SJ 4017 8327 AUGOST 1989 TOTAL 73.72
SJ 3650 8190 AOGUST 1989 TOTAL 53.33
SJ 3355 8680 AOGOST 1989 TOTAL 38,33
SJ 3215 9050 AOGUST 1989 TOTAL 14.32
SJ 3130 9425 AOGOST 1989 TOTAL 1.5
SJ 6075 8643 AOGOST 1989 TOTAL 57.33
SJ 3690 S120 AUGOST 1989 TOTAL 36.81

All data ac* in mg/kg dry waight. Th* aatals :



0.49 0.8 29.87 197. 3 56.04
1.26 1.9 78.02 374 .16 135.7
1.31 1.3 91 .4 375.58 120.35
0.15 0.3 10. 42 93 .73 21.72
0.14 0.2 6.51 90 .26 14.07
-0.01 0.05 3.63 45 .48 «.1l
0.0s 0.J 5.22 71 .13 11.01
0.05 0.09 S. 43 07. 52 13.22
0.19 0.2 7.46 133. 66 20.7
0.27 0.3 11.78 13S. 63 22.9
0.21 0.3 8.77 138. 01 20.95
0.14 0.06 S.18 65. 87 13.38
0.01 0.06 4.19 54. 67 8.97
0.03 0.06 4.72 35 .15 11.05
0.11 0.2 5.77 106. 45 13. 94
0.03 0.06 3.43 57. 76 7.6
0.05 0.2 7.05 78.75 13.06
0.02 0.09 5.76 68. 43 9.38
0.32 0.7 24. 47 144.06 30.92
0.36 0.7 22.7 164. 95 41.4
0.82 1 97.62 287.2 86.82
-0.01 0.1 5.59 45 3 8.19
-0.01 0.04 9.18 4247 9.04
-0.01 0.04 3.74 42_91 8
-0.01 0.0s 3.6 46.2 9.53
-0.01 0.0S 2.94 39.3 9.38
-0.01 0.06 4.13 54. 82 e.ia
-0.01 o0.oa 4.46 53. 19 a.sg4
-0.01 0.04 3.25 34.,69 S.«
-0.01 0.04 4.57 43. 94 10.47
-0.01 0.1 3.73 S3.,15 8.43

0.1 0.S 14.15 76. SC 28.16

0.2 0.6 15.22 125.72 41.31
0.44 0.8 16.49 186. 36 37.1
1.23 1.S 64.27 394.54 111.7a
0.96 2.4 63.91 345..94 122.59

0.9 1.3 S3.98 347.37 92.1ia
0.32 0.9 43.73 188, 46 86.03

0.1 0.5 15.28 115.91 31.47
-0.01 0.04 2.34 24. 34 4.98
1.05 1.4 45.97 355.81 82,03
0.57 1.4 37.26 245.88  70.09

f*r« *xt:ract*d from eh* 3«dia*nt by
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(1:1 HC1:HHO3) dlqgvition.



