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Foreword

This report is one of a series reporting quality control (QC) evaluation undertaken on the G-
BASE stream water sample data. It provides data users with background information supplied by
the laboratories and the further checks applied by the project to assess the data’s fitness-for-
purpose for regional baseline mapping. The information held in this report is correct as of March
2016.



Acknowledgements

The authors would like to acknowledge the efforts of all field team staff and voluntary workers
in contributing to data collection and in-field QC of the water samples and data. Those managing
the Geochemistry Database, where these data are uploaded, are thanked. The analysts providing
the majority of the data used in this report are acknowledged below. This report has benefitted
from the review of Simon Chenery.

Data reporting
Michael Watts, Charlie Gowing, and Simon Chenery

ICP-MS Analysis
Tom Barlow and Elliott Hamilton

IC and DOC analyses

Claire Richardson, Heather Harrison, Joseph Warham, Kaitlin Button, Aurélie Devez, Andy
Marriott, Chiara Petrillo, Doris Wagner and Amy Burton.



Contents

0] =LY 0] o USSR SPURPRRR i
ACKNOWIEAGEMENTS ...ttt ettt e s e et e e ne e s teeteaneesreesteaneesraeneas ii
(O70] 01 =] o | TP RTOUR TR OTROP ii
SUIMIMATY ..ottt b et b bt et s b e bt et be e b e e n e nre s vi
R o110 To 18 o{ {[o] o TR RP PRSP 1
2 SAMPIES SUDMITIEA ... 2
3 Sample data receipt from the 1aboratories ............ccooeiiiiiiiiiie s 8
4 Analytical MethoUOIOGIES .......ccviiiiiieieie e et 9
4.1 UNTIEIE WALETS ....ecveeeeeeie ettt sb e et 9
4.2  Filtered Acidified (F/A) water SAMPIES ........cooveiiiiieiicie e 10
4.3 Filtered unacidified (F/UA) Water SAMPIES.........cccoereieiiniiiienisieieee e 11
4.4  Analytes excluded from further consideration ............cccccccevvveveiie i, 13
ST =] F= 1] ST = 1 (-] SRS 14
5.1 Filterd acidified (F/A) BIank WaALErS...........cccoeieiieiiee e 14
5.2 Filterd Unacidified (F/UA) BIank WIS ..........coevereriiiieiiiisisieeeie e 15
5.3 EIEMENtS OF CONCEIM ..ottt 15
6 Duplicate and replicate sample @nalySes..........coooiiiiiiiiiiiiii s 16
7 Reference material data...........ccoocoiiiiiiiiiieie e 19
ST\ (o] TN (0] Y1 (=N o1 - ST 24
9 Charge DAlANCE ALA .........coviiieeeie e 28
10  Analytical cross-check and interference COMPAariSONS..........cccceevveeiieiieiiieesie e 29
10.1  TDS-CONUUCTIVITY ..oveevieieieeiie ettt ettt e et e e e srneenee s 29
10.2  Comparisson of sulphate data by IC and ICP-MS ..........c..ccoo i 29
10.3  Check 0N ICP-MS INtEITEIENCES.......cviiierieeieeeerie e ee et see e 31
10.4  Dilution faCtOr COMTECLIONS .......ecveiiieieieesieeiesee st ste e e e e neesreesee e e 34
11 Statistical summary of the data............cccoooiiiiiii 36
] (= =] 001 42
Appendix1  Analytical Cover Notes provided by the laboratories............cccccoevviiinenen. 43
Appendix 2 Plots of data where most analyses are below the detection limit................ 194
Appendix 3 Blank water data and graphs ..........ccccvveiieie s 197
AN 11 0] =TSRSS 197.



FIUA SAMIPIES ..ottt sttt et e e et e s reeteeneesteenbeeneesneenteeneesraenneas 204

Appendix4  Duplicate-replicate data plotS...........cooiiiiiiiiiiiieee s 209
Appendix5  SRM and CRM data PlOtS.........ccccueiieiiiieiice e 242
Appendix 6  Monitor Site data graphs ... 282
Appendix 7 Charge balance errors in excess of 1090 ...........ccocvvvreriniieienenene s 313
Appendix 8  Provisional geochemical images ........cccooevveiiiiieiieeie e 322
FIGURES
Figure 2.1 Location of samples and control sample sites collected in 2012-2013............ccceeueee. 5
Figure 2.2: Location of samples collected in 2012-2013, grouped by field season..............cc.c...... 5
Figure 2.3: Location of samples collected in 2012-2013, grouped by the month of collection......6
Figure 2.4: Location of samples collected in 2013, grouped by sampling team.............cc.ccocvvvnnee 6
Figure 2.5: Location of samples collected in 2012-2013. Samples analysed in the 2014-2015
financial year (green dots) are discussed in thiS repOrt. ..o 7
Figure 4.1 Periodic Table with the analytical suites highlighted ............c.cccccoo i 9

Figure 6.1:Relationship of duplicate and replicate (sub-) samples: (a - top) where subsamples can
be created; and (b - bottom) where only duplicates are collected and no subsamples are

(01 =T. LT USROS 16
Figure 7.1 NPOC concentrations throughout the analytical programme, reference materials (top)

and sample site data (DOTEOM) ........oviiiiiiie e 22
Figure 7.2 SO, concentrations throughout the analytical programme, reference materials (top)

and sample site data (DOTEOM) ........oviiiiii e 23
Figure 8.1 Map showing location of Monitor Site 1.........ccccceieeiiiiiiiiciecese e 25
Figure 8.2 Map showing location of MONITOr SIte 2.........ccccvviiiiiiiiiiiiiceeee e 26
Figure 8.3 Map showing location of Monitor Site 3...........ccceieeiiiii i 27
Figure 9.1 Comparison of charge balance errors with TDS concentrations. Red circles represent

samples with low TDS (anions and/or cations <1 meqg/L). Blue lines represent +10%......... 28
Figure 10.1 Conductivity compared with TDS, outliers presented in red............ccccccveviveeiveinennn 29
Figure 10.2 Comparison if ICP-MS and IC sulphate data. ..........cccocooiviniiniiiieie e 31
Figure 10.3 Comparison OF Ni @nd Ca .........cccveiiieiiiiiic s 32
Figure 10.4 Comparison 0N ZN @0 Ca .....c.eeieieiirieieiiesiesieee e 32
Figure 10.5 Comparison 0F AS and Cl .......ooiiiiec e 33
Figure 10.6 Comparison Of Cr and NPOC ...t 33
Figure 10.7 Comparison 0f Ba and EU.........cccoiieiiiii e 34
TABLES



Table 2.1: Summary of aqueous samples collected during 2012-2013. Those considered in this

report are presented iNDOIA. ........oooiiiiiiii s 3
Table 2.2: Stream water 2012-2013 cONtrol SAMPIES.........ccvevieieiieiie e 7
Table 3.1: Sample batches for analysis, and reporting dates. ............cccoovviriiieieienese e 8
Table 4.1: Field-based analytical methodologies and associated detection limits..............c.c.c....... 9
Table 4.2 ICP-MS analytes and detection lIMItS...........ccooiieiiriieiese s 12
Table 4.3 Methodology, analytes and detection limits for the F/UA aliquot..............cccccoeevennnee. 12
Table 4.4: Summary of analytes with >80% of data < the detection limit.................c.cccoeevieennnne 13
Table 5.1: Analytes with >5% of BWSs at or above the detection limit...............cccooevveiviieinenne. 14
Table 6.1: Duplicate data where most analyses are below the detection limit............c.cccccernennee. 16
Table 6.2 ANOVA aNalYSIS FESUILS ......cviiiiiieeieiie et 18
Table 7.1 SRM summary statistics for fern —nN=88 ............ccccoriiriiiiiieiere e 20
Table 7.2 CRM summary statistics for SLRS-5, N=5 ... 21
Table 8.1 Site details fTor MONITOr SIte 1.......cccoiiiieiieie e 25
Table 8.2 Site details for MONITOr SItE 2 .......couiieiiiiiiiieeee e e 26
Table 8.3 Site details Tor MONITOr SIte 3......ccciiiie i 27
Table 10.1 Samples lying out with regressional trend presented in Figure 10.1 ...........ccccveneee. 30

Table 10.2: Samples diluted for IC analysis. Numbers in bold indicate upper calibration limit.. 35
Table 11.1 Qualifiers applied to stream water data in the BGS Geochemistry Database. ............ 36

Table 11.2 Summary statistics of the data. Red text indicate s entire percentile class is below the
o[- CcTot (L) (T 1 ) TSSO USPSROPOSN 37



Summary

This report has been written to accompany the uploading of the 2012 and the 2013 G-BASE
southern England stream water data to the BGS corporate Geochemistry Database. A limited
number (n = 1473/3633) of the samples collected in 2013 were fully analysed in the laboratory:
all available data has been loaded to the database. This report documents the quality control
(QC) procedures used to check the data prior to uploading. Where limitations have been
identified coded “qualifiers” were appended to the data. The post analysis excess filtered water
samples are stored in the BGS Keyworth National Geoscience Data Centre cold-store archive.

Each QC step is described within each chapter of this report, and any specific problems
identified. Extensive appendices support these chapters providing more detailed information,
graphs and maps. These should be consulted for more specific information about a QC process
or specific analyte. Attention is drawn to the particularly wet weather experienced during the
2012 sampling campaign.

As a result of the QC process, information on the 68 analytes determined on the 2012/13 can be
summarised as below:

Analytes with no significant limitations | Al, Alkalinity, As, B, Ba, Be, Br, Ca, Cd, Ce,
identified within the QC process (n=60) Cl, Co, Conductivity, Cr, Cs, Cu, DOC, Dy,
Er, Eu, F, Fe, Gd, Ho, HPO,, K, La, Li, Lu,
Mg, Mn, Mo, Na, Nd, Ni, NO,, NOs, P, Pb,
pH, Pr, Rb, S, Sb, Se, Si, Sm, SOy, Sr, Th, Th,
Ti, TI, Tm, U, V, Y, Yb, Zr

Analytes where the majority (>80%) of data | Ag, Bi, Ga, Hf, Nb, Ta, W
are below the detection limit or limit of
quantification

Analytes where blank waters compromise | None
sample site data

Analytes where data are considered unreliable | Sn

Vi




1 Introduction

This report describes the quality control of the laboratory analyses of stream water samples
collected in south west England during the summer of 2012 and some of those collected in 2013.
The samples are part of the Geochemical Baseline Survey of the Environment (G-BASE)
project. The analytical work was undertaken in the laboratories at the British Geological Survey
(BGS) in Keyworth.

The sample collection and field office methods followed the procedures described in Johnson
(2005a), and with updates reported by Johnson (2005b). Stream water sampling methods were
unchanged from 2010, the previous field season in which water samples were taken (Ander,
2014; Bearcock et al., 2016; Bearcock and Strutt, 2012).

As the G-BASE project was due for completion by 2014 there were strict time and budget
restraints. This meant that stream sediment samples taken by the BGS’s Mineral Reconnaissance
Program (MRP) in the 1980s, and archived in BGS, could be reanalysed. Where MRP samples
had been taken in close proximity to a planned G-BASE sample, only water samples were taken
from that site. At all other sites stream sediments, panned concentrates, and water samples were
collected as standard. Laboratory analysis for the 2013 samples was restricted due to financial
constraints. The samples which were analysed are described more fully in Section 2.



2 Samples submitted

A total of 7398 water samples were collected during the field seasons of 2012 and 2013. Of these
6782 were routine drainage sample sites, 624 were control samples (duplicates, replicates, blanks
and standards) and 71 were temporal monitor sites (see Section 8) from 3 locations (see Table
2.1). This report describes the quality control of the data reported from the BGS laboratories
during the 2013/2014 and 2014/2015 financial years. These data are presented in bold in Table
2.1.

Samples were taken in batches of 100. Within each “hundred” there were eight control samples,
which were submitted “blind” to the analysts: two field collected duplicates which were later
split to create two replicates, two blank waters which were inserted in the field and two reference
materials which were inserted in the lab. Duplicate A doubles up as a normal sample site for
geochemical mapping purposes.

During the main 2012 (batches 4700XX-4737XX) and 2013 (batches 4739XX- 4773XX and
ATTSXX, 47TT7TXX, 4779XX and 4781XX) field seasons sampling was undertaken by two teams,
sampling concurrently. Team A used odd numbered batches, and Team B used even numbered
batches. During March 2013 (batch 4738XX) a staff team collected samples missed in 2012. In
September 2013 (batch 4774XX) a single team completed sample coverage. Assessment of data
for batches 4700XX — 4753XX are presented in this report.

At a drainage sample site the stream water samples were normally accompanied by stream
sediment, panned heavy mineral concentrate, and (during 2012 only) vegetation samples
(Johnson, 2005b). In some cases, for example after heavy rainfall, the streams were too deep to
safely collect stream sediment, so only water samples were collected. Conversely after prolonged
dry spells, some low order streams ceased to flow, a water sample was not collected but the
remaining sample types were. In the latter instance a full batch of 100 sample numbers were
allocated, but fewer than 100 water samples collected.

Table 2.1 summarises the above, while the spatial distribution is shown in Figure 2.1 to Figure
2.5

The samples were submitted to the laboratories at the BGS as ten analytical batches (Section 3),
and sample numbering was undertaken using the random number lists (RNL) shown in Johnson
(2005b). Team A used RNLs 1 and 3, and Team B used RNLs 2 and 4. Where a single team was
sampling (March or September 2013), the RNL associated with the next available “hundred” was
used (Table 2.2).

At each drainage site, including monitor sites, two filtered (<0.45 um) were collected. One
sample was collected in a Nalgene® 60mL high density polyethylene (HDPE) bottle, and was
labelled with the sample number and “F/A” (filtered/ acidified). An air gap was left in the F/A
bottle and at the end of the day the sample was acidified to 1% v/v with 600 puL of concentrated
Aristar HNOj3. This process was undertaken using an Eppendorf auto pipette, and each bottle of
acid was used for a single batch of 100 samples. The used bottles were labelled with the
corresponding “hundred” to ensure traceability in the event of any trace element contamination
becoming evident in the samples or the blank waters. After acidification these samples were
stored in the fridge. On return to the BGS Keyworth laboratories the samples were further
acidified with 300 pL concentrated HCI (0.5% v/v) prior to analysis.

The second filtered water sample was collected in a 30 mL HDPE bottle, which was filled to the
brim. It was labelled with the sample number and “F/UA” (filtered unacidified). No preservative
was added, and these samples were stored in the fridge after they had been returned from the
field. Full details of the sampling and data recording methods can be found in Johnson (2005b)

Unfiltered samples were collected for the analysis of pH, conductivity, and alkalinity at the field
base. If for any reason the F/A and F/UA could not be filtered in the field, an additional
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unfiltered sample was collected in a recycled 250 mL LDPE bottle. These were labelled with the
sample number and “TBF” (to be filtered), and filtered on return to the field base. Where a TBF
was collected it was indicated on the water sample checklist in case of any apparent perturbation
of the trace element chemistry. There were 211 TBF in 2012 and 410 TBF in 2013, of which 150

were in the range of numbers with full analyses.

Table 2.1: Summary of aqueous samples collected during 2012-2013. Those with a full
chemical analysis are presented in bold.

Total sample Duplicates and Monitor | Start date of last date of
Hundred Waters siter)* rrt)eplicates Blanks | Standards sites sampling sampling
4700XX 100 89 4 2 2 4 18/06/2012 22/06/2012
4701XX 100 93 4 2 2 0 11/06/2012 22/06/2012
4702XX 100 88 4 2 2 5 21/06/2012 26/06/2012
4703XX 100 93 4 2 2 0 15/06/2012 22/06/2012
4704XX 100 91 4 2 2 2 25/06/2012 30/06/2012
4705XX 100 93 4 2 2 0 21/06/2012 27/06/2012
4706XX 100 88 4 2 2 5 29/06/2012 04/07/2012
4707XX 100 93 4 2 2 0 26/06/2012 04/07/2012
4708XX 100 88 4 2 2 5 04/07/2012 10/07/2012
4709XX 100 93 4 2 2 0 02/07/2012 06/07/2012
4710XX 100 90 4 2 2 3 10/07/2012 13/07/2012
4711XX 100 93 4 2 2 0 06/07/2012 12/07/2012
4712XX 100 90 4 2 2 3 13/07/2012 17/07/2012
4713XX 100 93 4 2 2 0 11/07/2012 16/07/2012
4714XX 100 90 4 2 2 3 17/07/2012 20/07/2012
4715XX 100 93 4 2 2 0 16/07/2012 20/07/2012
4716XX 100 87 4 2 2 6 20/07/2012 26/07/2012
4717XX 100 93 4 2 2 0 19/07/2012 27/07/2012
4718XX 100 90 4 2 2 3 26/07/2012 30/07/2012
4719XX 100 93 4 2 2 0 24/07/2012 30/07/2012
4720XX 100 89 4 2 2 4 29/07/2012 02/08/2012
4721XX 100 93 4 2 2 0 28/07/2012 02/08/2012
4722XX 100 92 4 2 2 1 02/08/2012 07/08/2012
4723XX 100 93 4 2 2 0 01/08/2012 06/08/2012
4724XX 100 87** 4 2 2 7 03/08/2012 09/08/2012
4725XX 100 93 4 2 2 0 06/08/2012 09/08/2012
4726XX 100 90 4 2 2 3 09/08/2012 13/08/2012
4727XX 100 93 4 2 2 0 09/08/2012 13/08/2012
4728XX 100 91 4 2 2 2 13/08/2012 15/08/2012
4729XX 100 93 4 2 2 0 13/08/2012 17/08/2012
4730XX 100 90 4 2 2 3 15/08/2012 20/08/2012
4731XX 100 93 4 2 2 0 16/08/2012 21/08/2012
4732XX 100 89 4 2 2 4 18/08/2012 23/08/2012
4733XX 100 93 4 2 2 0 21/08/2012 23/08/2012
4734XX 100 87 4 2 2 6 22/08/2012 27/08/2012
4735XX 100 93 4 2 2 0 23/08/2012 29/08/2012
4736XX 97 88 4 2 2 2 27/08/2012 29/08/2012
4737XX 66 64 0 0 2 0 27/08/2012 29/08/2012
4738XX 32 27 4 2 0 0 07/03/2013 21/03/2013
4739XX 99 92 4 2 2 0 10/06/2013 19/06/2013
4740XX 100 93 4 2 2 0 10/06/2013 19/06/2013
4741XX 97 90 4 2 2 0 13/06/2013 17/06/2013
4742XX 100 93 4 2 2 0 14/06/2013 18/06/2013
4743XX 98 91 4 2 2 0 17/06/2013 21/06/2013
4744XX 100 93 4 2 2 0 18/06/2013 24/06/2013

w




Hundred WTotal sa_mpie Duplic_ates and Blanks | Standards Mo_nitor Start da_te of last dat_e of
aters sites replicates sites sampling sampling

4745XX 96 89 4 2 2 0 21/06/2013 27/06/2013
4746XX 93 86 4 2 2 0 21/06/2013 29/06/2013
4747TXX 90 83 4 2 2 0 26/06/2013 01/07/2013
4748XX 94 87 4 2 2 0 27/06/2013 02/07/2013
4749XX 95 88 4 2 2 0 29/06/2013 04/07/2013
4750XX 100 93 4 2 2 0 01/07/2013 08/07/2013
4751XX 85 78 4 2 2 0 03/07/2013 08/07/2013
4752XX 98 91 4 2 2 0 04/07/2013 12/07/2013
4753XX 96 89 4 2 2 0 08/07/2013 11/07/2013
4754XX 95 88 4 2 2 0 10/07/2013 15/07/2013
4755XX 93 86 4 2 2 0 11/07/2013 16/07/2013
4756 XX 95 88 4 2 2 0 15/07/2013 18/07/2013
4757TXX 89 82 4 2 2 0 15/07/2013 18/07/2013
4758XX 92 85 4 2 2 0 18/07/2013 25/07/2013
4759XX 99 92 4 2 2 0 18/07/2013 24/07/2013
4760XX 92 85 4 2 2 0 24/07/2013 31/07/2013
4761XX 93 86 4 2 2 0 24/07/2013 30/07/2013
4762XX 94 87 4 2 2 0 01/07/2013 06/08/2013
4763XX 98 91 4 2 2 0 29/07/2013 31/07/2013
4764XX 89 82 4 2 2 0 03/08/2013 09/08/2013
4765XX 97 90 4 2 2 0 31/07/2013 06/08/2013
4766 XX 91 84 4 2 2 0 08/08/2013 19/08/2013
4767XX 97 90 4 2 2 0 05/08/2013 07/08/2013
4768XX 93 86 4 2 2 0 14/08/2013 22/08/2013
4769XX 93 86 4 2 2 0 07/08/2013 09/08/2013
4770XX 93 86 4 2 2 0 20/08/2013 27/08/2013
4771XX 70 63 4 2 2 0 09/08/2013 14/08/2013
4772XX 87 80 4 2 2 0 24/08/2013 29/08/2013
4773XX 58 51 4 2 2 0 14/08/2013 20/08/2013
4774XX 76 69 4 2 2 0 22/09/2013 26/09/2013
4775XX 81 74 4 2 2 0 17/08/2013 21/08/2013
4777TXX 84 77 4 2 2 0 21/08/2013 26/08/2013
4779XX 83 76 4 2 2 0 23/08/2013 28/08/2013
4781XX 28 21 4 2 2 0 27/08/2013 28/08/2013
Totals in 2012/13

79 | 7396 | 6780 | 312 | 156 | 156 | 71 | 11/06/2012 | 26/09/2013
Totals discussed in this report

54 5236 | 4795 | 212 | 106 | 106 | 71 | 11/06/2012 | 12/07/2013

*note that Duplicate A is also included as a sample site, so is counted twice in this table,
**sample number 472421 is a monitor site, but is also included as a sample site so is counted
twice in this table.
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“Not analysed” refers to sites where water samples have been taken, field parameters have been measured, but there
are no laboratory analyses associated with the site. “Analysed” refers to sites where there are complete laboratory

analyses.

Table 2.2: Stream water 2012-2013 control samples

Random Number List 1 2 3 4
Team A B A B
Filtered Blank Water 10 62 44 03
Unfiltered Blank Water 75 14 75 32
Standards 22, 68 28, 80 17, 87 47, 96
Duplicate A 76 31 04 71
Sub-sample A 86 77 62 60
Duplicate B 81 37 96 66
Sub-sample B 78 58 53 34




3 Sample data receipt from the laboratories

Samples were provided to the BGS laboratories, racked in numerical order with associated
paperwork and digital checklists from 14/01/2013 onwards. The laboratory registration was
separated for F/UA samples and F/A samples in order that data could be reported as soon as it
became available from each analytical method. Details of this information are shown in Table
3.1. The laboratory number provides the unique reference ID for follow up enquiries to the
laboratories about these data.

It should be noted there were some considerable delays in the analysis of the samples (up to 1
year, 9 months).

Table 3.1: Sample batches for analysis, and reporting dates.
* Represents reissued data

Batch | Year of | Method | Sample n Laboratory | Analysis Data
sampling numbers ?kl)JaTc%e:D) commenced | reported
1 2012 FIA 470001 - 470400 | 400 | 20041 21/02/13 28/05/15*
1 2012 FIUA 470001 - 470400 | 400 | 20037 14/01/13 08/03/13
2 2012 FIA 470401 - 470800 | 399 | 20048 25/02/13 28/06/13
2 2012 FIUA 470401 - 470800 | 399 | 20042 18/02/13 19/04/13
3 2012 FIA 470801 - 471300 | 500 | 20049 25/06/13 10/09/13
3 2012 FIUA 470801 - 471300 | 500 | 20043 11/03/13 23/07/13
4 2012 FIA 471301 - 471800 | 500 | 20050 31/07/13 05/11/13
4 2012 F/UA 471301 - 471800 | 500 | 20044 30/04/13 02/09/13
5 2012 FIA 471801 - 472300 | 500 | 20051 14/08/13 09/12/13
5 2012 FIUA 471801 - 472300 | 500 | 20045 24/06/13 04/11/13
6 2012 FIA 472301 - 472800 | 500 | 20052 21/08/13 18/12/13
6 2012 FIUA 472301 - 472800 | 500 | 20046 29/08/13 28/01/15
7 2012 FIA 472801 - 473300 | 500 | 20053 17/09/13 19/12/13
7 2012 FIUA 472801 - 473300 | 500 | 20047 18/11/13 29/01/15
8 2012 FIA 473301 - 473800 | 462 | 20069 13/01/14 12/05/14
8 2012 FIUA 473301 - 473800 | 462 | 20070 13/01/14 29/01/15
1 2013 FIA 473801-474400 | 525 | 20071 29/01/14 23/05/14
1 2013 FIUA 473901-474400 | 494 | 20078 10/06/14 06/02/15
2 2013 FIA 474401 - 474900 | 473 | 20072 03/03/14 14/08/14
2 2013 FIUA 474401 - 474900 | 473 | 20084 09/09/14 29/01/15
3 2013 FIA 474901 - 475400 | 474 | 20073 13/03/14 14/08/14
3 2013 FIUA 474901 - 475400 | 473 | 20085 20/10/14 13/02/15
4 2013 FIUA 473801 - 473899 | 32 20086 08/12/14 13/02/15




4 Analytical Methodologies

A summary of the analytes produced by the laboratories and the field teams is presented in
Figure 4.1. This section describes the analyses undertaken on each aliquot collected and the
number of samples analysed.
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Figure 4.1 Periodic Table with the analytical suites highlighted

4.1 UNFILTERED WATERS

Two unfiltered water samples were collected at each site. One was collected in a 30 mL bottle
and used for the determination of pH on the evening of collection. The other was collected in a
250 mL bottle and used for the determination of conductivity and alkalinity the following day.
The samples were analysed according to the methods described in Johnson (2005b) with the

methods and units of measurements summarised in Table 4.1
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No

He
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Table 4.1: Field-based analytical methodologies and associated detection limits

Analyte Analytical Accredited? Units of Detection limit
method measurement
pH Probe No pH units
Conductivity Probe No pS/cm 1
Alkalinity Titration No mg/L as CaCO, 0.01

The conversion of the measured alkalinity to the required bicarbonate (HCO3) is done by
dividing the mg/L as CaCOg3- alkalinity result by 0.8202 (Hem, 1992). There are several factors
which may affect the efficacy of this method, including high suspended solids in the unfiltered
sample which may also buffer the added acid, e.g. amorphous iron oxyhydroxide phases, and/or
by obscuring the colour end-point of the titration.

The comparison of the major ions using the charge balance and conductivity/TDS comparison
are the most useful ways to identify gross errors in these data (Section 9).




4.2 FILTERED ACIDIFIED (F/A) WATER SAMPLES

The analyses of the filtered water samples collected were all undertaken at the Inorganic
Geochemistry Laboratories at BGS Keyworth.

The F/A aliquot was analysed by Inductively Couple Plasma Mass Spectrometry (ICP-MS) for
57 elements. The details of the analytical method used, isotope measured, and laboratory QC are
given in the relevant cover notes in Appendix 1. These provide comprehensive analytical
information of the ICP-MS analysis. It should be noted that generally the uncertainty associated
with measurement by ICP-MS away from the detection limit is £10%. However the overall
uncertainty for Na, Ca, Si, P, S, K, Fe, Zn, Sr and Ba is in the order of +£15% and the Li, B, and
Al the overall uncertainty is in the region of £20%.

All data are supplied uncensored (i.e. without truncation or replacement of sub-detection limit
values with a fixed value), meaning the dataset includes negative values. This practice greatly
facilitates the QC process and is particularly relevant where an analyte’s natural abundance is
low in relation to the detection limit. The reported, uncensored, values are maintained throughout
the QC process, and uploaded to the Geochemistry Database.
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Table 4.2 summarises the unit of measurement and detection limits for each element analysed by
ICP-MS. With the exception of total P, total S, Ag and Bi the analyses were UKAS accredited
(procedure AG 2.3.18).

4.3 FILTERED UNACIDIFIED (F/UA) WATER SAMPLES

The F/UA was analysed by lon Chromatography (IC) for a range of anions and by Total Organic
Carbon (TOC) analyser for NPOC (non-purgeable organic carbon ). The samples were filtered so
this measures dissolved organic carbon (DOC).

Table 4.3 summarises the analytes, the methods used, the units of measurement and the detection
limit for each analyte. Much more detail, including laboratory QC, is found in Appendix 1,
where the analytical cover note is reproduced, providing comprehensive analytical information
for both TOC analyser and ion chromatography. The uncertainty associated with the NPOC
analyses is in the region of +8%, while the IC analyses of CI"and SO,* have an uncertainty in
the order of £10%, and F, NO,", Br’, NO3", and HPO,> have uncertainties in the order of +20%.

lon chromatography cannot report un-truncated numbers below the Lower Limit of Detection
(LLD) as the instrument cannot integrate under a curve below this concentration. The results are
provided numerically, and data below the LLD were identified with “<” prefixed to the LLD. In
order to use these data numerically during the QC process the “<” was replaced with a minus
sign. This minus sign is removed prior to loading to the Geochemistry Database. The NPOC
method reports data below the Limit of Quantification (LoQ) in the same way. Because these
data are truncated and numerically similar, it can lead to falsely impressive ANOVA results,
even where concentrations are of a high uncertainty due to their proximity to the detection limit
(see section 6)

The measurement of total S by ICP-MS was previously (2008 and earlier) converted, and
reported as SOy, but is now reported as S. These data are therefore converted to SO, for loading
to the Geochemistry Database in order to maintain consistency within the greater dataset (section
9). The IC measurement is directly of SO42.

The NPOC data were UKAS accredited (procedure AG 2.3.8) and with the exception of
laboratory batches 20037 and 20042 all IC data were UKAS accredited (procedure AG 2.3.19).

11



Table 4.2 ICP-MS analytes and detection limits

Analyte | Measurement Unit* | Detection Limit Analyte | Measurement Unit* | Detection Limit
Li pa/L 1 Ag po/L 0.05
Be pa/L 0.01 Cd po/L 0.01
B pa/L 10 Sn po/L 0.02
Na mg/L 0.2 Sh ug/L 0.005
Mg mg/L 0.01 Cs pg/L 0.005
Al pa/L 1 Ba po/L 0.1
Si pa/L 50 La po/L 0.002

mg/L 0.01 Ce pg/L 0.002

mg/L 1 Pr po/L 0.002

mg/L 0.02 Nd pg/L 0.01
Ca mg/L 0.3 Sm Mo/l 0.002
Ti po/L 0.05 Eu pg/L 0.002
\ pa/L 0.1 Th po/L 0.002
Cr pa/L 0.05 Gd pg/L 0.002
Mn pa/L 0.2 Dy pg/L 0.002
Fe pa/L 1 Ho po/L 0.002
Co pa/L 0.01 Er pg/L 0.002
Ni pa/L 0.1 Tm pg/L 0.002
Cu pa/L 0.4 Yb po/L 0.002
Zn pa/L 0.5 Lu pg/L 0.002
Ga pa/L 0.03 Hf pg/L 0.01
As pa/L 0.02 Ta po/L 0.02
Se pa/L 0.1 w po/L 0.05
Rb pa/L 0.01 TI pg/L 0.01
Sr pa/L 0.1 Pb pg/L 0.02
Y pa/L 0.005 Bi po/L 0.01
Zr pa/L 0.05 Th pg/L 0.005
Nb pa/L 0.02 U pg/L 0.002
Mo pa/L 0.03

* All concentration data are stored as mg L™ in the Geochemistry Database

Table 4.3 Methodology, analytes and detection limits for the F/UA aliquot

Analyte Analytical method Measurement unit Detection Limit*
Br IC mg/L 0.01 (LLD)
cr IC mg/L 0.05 (LLD)

F IC mg/L 0.005 (LLD)
HPO,” IC mg/L 0.01 (LLD)
NO, IC mg/L 0.005 (LLD)
NO; IC mg/L 0.03 (LLD)
NPOC TOC mg/L 0.5 (LoQ)
S0~ IC mg/L 0.05 (LLD)

*LLD = lower limit of detection, LoQ = limit of quantification

12



44 ANALYTES EXCLUDED FROM FURTHER CONSIDERATION

Preliminary examination of the data showed that several analytes had natural abundances that are
at, or below, the detection limit for almost every sample analysed. The criterion for this
exclusion is that >80% of the stream water samples’ data are below the detection limit (Table
4.4). The sample site locations where the concentrations of these analytes were detectable were
mapped (Appendix 2) to ensure that useful information was not being lost.

Almost 93% of the Ga data were below the detection limit (0.03 ug/L). There were clusters of
samples with detectable Ga at Lands’ End [~140000 025000], around the New Forest [425000
105000], and detectable Ga was widespread across south east England. Almost 10% of the Hf
data were above the detection limit. Detectable Hf was widespread across Cornwall, and the
New Forest. There were clusters of detectable Hf to the east of Tiverton [~ 280000 110000],
around Bude [~220000 100000], Bideford [~245000 125000], and north west of Exmouth
[~310000 09000]. In the south east of England there were no clear spatial trends. Less than 5%
of the W data were detectable, these data were mostly clustered around Cornwall and over
Dartmoor [~260000 076000]. The same spatial distribution was evident in the Bi data, of which
almost 15% are above the detection limit.

At least 99% percent of Nb, Ag and Ta analyses were below the detection limit. There are no
coherent spatial trends of these elements. The elements presented in Table 4.4 have not been
considered any further in this document.

Table 4.4: Summary of analytes with >80% of data < the detection limit

. . . Sample sites Sa_mple
Analvte Analytical | Detection Sample sites <detection limit sites
y Method limit analysed ") <detection
limit (%)
Ga ICP-MS 0.03 pg/L 4792 4446 92.8
Nb ICP-MS | 0.02 pg/L 4792 4745 99.0
Ag ICP-MS 0.05 pg/L 4792 4766 99.5
Hf ICP-MS 0.01 pg/L 4792 4286 89.4
Ta ICP-MS 0.02 pg/L 4792 4789 99.9
w ICP-MS 0.05 pg/L 4792 4561 95.2
Bi ICP-MS | 0.01 pg/L 4792 4151 86.6

13



5 Blank waters

The blank waters (BWSs) are used to identify any analytes where an artificially increased
concentration is found in blanks and thus, by analogy, samples when compared to the laboratory
calculated detection limit (Equation 1). If the concentration in the blanks prepared at the field
base, run ‘blind’ within the batch, is below that of the detection limit, this means that this has not
identified any source of post-sampling contamination of the sample.

Detection limit = mean + (3 x standard deviation).....Equation 1 (Miller and Miller, 2010)

Blank waters were inserted into each ‘hundred’ in two positions (Table 2.2), one of which was
filtered in the same way as the samples to check any artefacts introduced by the filtration
process. The blank water material was taken to the field base using new HDPE 250 ml Nalgene
bottles, each filled with better than 18 MQ water (provided by the ICP Facility) — one bottle for
each pair of blanks (F/A and F/UA). The samples are otherwise labelled identically to all the
other samples, to be ‘blind’ to the analysts. The bottles of HNOj3 are used for a specific ‘hundred’
and labelled in that way, so that any systematic contamination that is identified can be traced
back to the bottle of acid, if necessary and any levelling adjustment applied to the correct sample
site numbers. This type of control sample is only applicable to analyses undertaken post-
fieldwork, and thus is not relevant to the determination of pH, conductivity and alkalinity.

The total number of BWs submitted for analysis is shown in Table 2.1, and Table 5.1 shows that
out of all the analytes 12 gave cause for further investigation. An analyte was investigated when
>5% of BW analyses were at or above the detection limit. The data for analytes with >5% blanks
above the detection limit are tabulated and presented graphically in Appendix 3 and discussed
below.

Table 5.1: Analytes with >5% of BWs at or above the detection limit

Analytical methods

Number of analyses

Number of analytes

Further investigation

IC 106 7 Cl, SO4, NO3, F
ICP-MS 106 57 B, K, Zn, Rb, Sr, Sn, Ce,Nd
TIC/TOC analyser 106 1 NPOC

51 FILTERD ACIDIFIED (F/A) BLANK WATERS

Potassium, Rb, Sr Ce and Nd have 6-15% of blank samples which exceed the detection limit
(See Appendix 3.). However, they are not far in excess of the detection limit (within 10x), and
with the exception of Nd are closer to the concentration of the detection limit than the
concentrations of the samples. There is some overlap of Nd blank water data and sample data,
but this would be expected given the low natural abundance of Nd. Therefore these results are
not considered to be anything other than part of the analytical ‘noise’ of a run, and there is no
cause for concern with respect to the interpretation of the sample site data.

Blank water data within batches 4749XX, and 4751XX-4753XX were below the detection limit
by around an order of magnitude. The remaining ninety percent of the B data for the BWs had
concentrations in excess of the detection limit. These concentrations were never more than 3
times the detection limit, but they are within the same range as sample sites. The B analyses for
both filtered and unfiltered blanks were similar within each “hundred” indicating that detectable
concentrations are not derived from the addition of acid. Despite the overlap of blank waters and
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sample site data, the sample site data appears unaffected, as there are no trends observed with
increasing sample number that correspond with fluctuations in the blank water data. Nonetheless,
when using B data caution should be exercised when considering values close to the detection
limit. In particular data should be considered within the context of the surrounding sample sites’
data, and less weight should be attributed to a single sample B concentration in isolation.

Thirteen percent of the Zn data for the BWs had concentrations in excess of the detection limit.
While the concentrations were generally within 10x the detection limit, 5 BWs had
concentrations ranging between 1 and 5 pg/L, which are relatively high in the context of the
samples data set. In addition one BW had a Zn concentration of 13 pg/L: 26 times the detection
limit. In addition both the blank waters in the 4716XX hundred were detectable, however, a
visual inspection does not suggest a contamination problem with the acid as the samples within
this hundred do not show systematically higher concentrations compared to other hundreds. The
random nature of these high concentration blank water data does give cause for concern with
regard to isolated high concentrations in the sample site data, but this is unquantifiable.
However, there is no reason to suggest that the Zn data taken in aggregate (the primary purpose
of the survey data) is compromised — only that isolated high concentrations should be subject to
further investigation before any action is taken on the basis of that single result.

Twenty six percent of the Sn data for the BWs was above the detection limit and despite being
within 10x the detection limit; the concentrations in the BWs were in a similar concentration
range to that of the samples. The BWs from the 4731XX “hundred” had the highest BW
concentrations, and were associated with a cluster of samples from the same “hundred” with
similarly high Sn concentrations. These samples are very likely to be contaminated and should
be considered so, and the remainder of the Sn data should be treated with caution.

5.2 FILTERD UNACIDIFIED (F/UA) BLANK WATERS

Twenty six percent of the blank waters contained detectable CI", 8% contained detectable SO4>
and 26% contained detectable NO3;. However detectable values of these analytes within the blank
waters are not far in excess of the detection limit (within 10x), and are closer to the concentration
of the detection limit than the concentrations of the samples. Therefore these results are not
considered to be anything other than part of the analytical ‘noise’ of a run, and there is no cause
for concern with respect to the interpretation of the sample site data.

Twenty six percent of the blank waters contained detectable F’, and there was also some overlap
with the sample site data. It is worth noting that within the first 20 “hundreds” 63% of the blank
waters contain detectable F', whereas only 5% of the remaining blank data contains detectable F".
The F data for the sample range 470001 — 472000 should therefore be treated with some caution.
However the detectable F" in the blank waters were close to the detection limit (within an order
of magnitude), and therefore these data should not be prevented from usage. The sample site data
appear unaffected by any blank water issues as there are no trends observed with increasing
sample number that correspond with fluctuations in the blank water data.

5.3 ELEMENTS OF CONCERN

There is no evidence from these blank data that widespread contamination has occurred (which
could be mistaken for systematic geochemical effects). Whilst all geochemical baseline samples
should not be considered in isolation, rather they should preferably be considered in the context
of evidence from groups of samples, this is particularly recommended for these aqueous Zn data.
It should also be noted that the laboratory do not consider the overall measurement uncertainty
on Zn to be better than £15%, or the B and F" uncertainty to be better than £ 20% (Appendix 1).

Sn remains the only element of real concern. It is inadvisable to use this Sn data without a
considerable investigation of the QC data. Hence the Sn data are all qualified in the
geochemistry database to reflect this (section 11).
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6 Duplicate and replicate sample analyses

Samples from the 53 duplicate drainage sites sampled in 2012-2013 covered in this report
(Figure 2.2, Table 2.1) were submitted for analysis, giving a total of 212 analyses, with two pairs
of duplicate/replicate samples at each site. The relationship of the duplicates and replicates
(subsamples) to each other is described in Figure 6.1 and the sampling method described in
Johnson (2005b). Figure 6.1a illustrates the samples collected for filtered water samples, whilst
Figure 6.1b illustrates the samples collected for the unfiltered water where no replicates are

created.
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Figure 6.1:Relationship of duplicate and replicate (sub-) samples: (a - top) where
subsamples can be created; and (b - bottom) where only duplicates are collected and no

subsamples are created

Of the analytes still under consideration conditional formatting of the duplicate and replicate
samples is used to rapidly show whether data are <0. Where a value is <0 the whole set of 4
samples associated with that duplicate site are excluded from the ANOVA analysis. This is
because such data cannot be log transformed. In addition samples at or below the detection limit
are identified in order to assess the robustness of the ANOVA analysis. Where 20 or fewer
duplicate sets were above the detection limit an analyte was excluded from ANOVA analysis,
because insufficient samples were above the detection limit to allow the analysis to provide

reasonably robust data (Table 6.1)

Table 6.1: Duplicate data where most analyses are below the detection limit

All .4 concentrations All 4 concentrations within duplicate/
Analyte within duplicate/ . AT
. replicate set > detection limit
replicate set >0
Total available duplicate sets = 53*
Sn 51 14
Tl 48 13
NO2 N/A 6
HPO4 N/A 11

*Total available duplicate sets for field data = 78. NB no replicate samples exist for field data
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Initially the data for analytes still under consideration were examined by plotting the data using
an Excel macro (Lister and Johnson, 2005). These graphs permit the rapid inspection of the data,
and removal of any data which is observed to be of ‘catastrophic’ nature rather than due to
systematic or random processes. This obviously biases the dataset, and is one of the subjective
decisions in this process; these graphs are shown in Appendix 4. In this instance no data were
removed.

The samples are then used within an analysis of variance (ANOVA), processed by an in-house
macro which allows rapid batch-processing of the data (Johnson, 2002). This code has been
validated against commercially available software to ensure it gives comparable results. The
code includes an automatic log-transformation step, as many such geochemical datasets are log-
normal. It is suggested that the maximum technical (sampling + analytical) variance is 20% for
most geochemical purposes (Ramsey, 1998). Minitab (v16) has been used to calculate the
technical variance for the three field parameters.

Table 6.2 shows the results of the ANOVA analyses of the remaining analyte data. Of these all
duplicate data sites were initially used that had a minimum value above zero (to allow for log-
transformation), 33 analytes in total. However, 15 elements by ICP-MS, and three IC analytes
had data which was below zero. The number of duplicate sets (up to a maximum of 53) used in
the ANOVA analysis is recorded along with the output in Table 6.2 to indicate where data has
been removed from the analysis. In addition the number of duplicate sets where all four analyses
are above the detection limit are noted in order to assess data quality

None of the analytes were of poorer than expected quality for data above the detection limit
(geochemical variance > 80%).

17



Table 6.2 ANOVA analysis results

Hundreds used in

Number of hundreds

Between Between Within ;

Analyte Site % sample % | Sample % Al\;;)r:]lgez;r}il);:{sjg)ll 4 where a>IID4LsampIes
Al 95 0 4 53 53
As 99 0 1 53 53
B 96 1 3 51 41
Ba 96 1 3 53 53
Be 94 2 4 50 23
Br 95 0 6 51 51
Ca 100 0 0 53 53
Cd 85 5 10 49 24
Ce 95 1 4 53 52
Cl 100 0 0 53 53
Co 97 1 1 53 52
Cr 97 0 3 53 48
Cs 97 1 2 53 43
Cu 93 6 2 53 38
Dy 97 1 2 53 48
Er 97 1 2 53 43
Eu 91 2 7 50 38

F 94 -1 7 52 52
Fe 97 0 3 53 53
Gd 97 1 2 53 50
Ho 96 0 3 53 34
K 99 0 1 53 53
La 95 1 4 53 53
Li 98 0 2 53 42
Lu 94 2 4 52 24
Mg 100 0 0 53 53
Mn 96 2 2 53 53
Mo 96 -1 4 53 36
Na 100 0 1 53 53
Nd 90 2 8 43 39
Ni 98 0 2 53 53

NO3 89 1 10 51 51
NPOC 99 0 1 53 53

P 96 2 1 52 38
Pb 89 3 8 51 38
Pr 95 1 4 53 44
Rb 99 0 0 53 53

S 99 0 1 53 49
Sb 99 0 0 53 53
Se 99 0 1 53 41
Si 99 0 1 53 53
Sm 94 2 4 52 48

SO4 100 0 0 53 53

Sr 100 0 0 53 53
Th 96 1 3 52 32
Th 86 3 11 46 21
Ti 90 1 9 50 37
™™ 93 0 6 51 22
U 99 0 1 53 53
\ 90 2 8 49 35
Y 98 1 1 53 53
Yb 95 1 4 53 45
Zn 88 7 5 53 44
Zr 94 0 5 52 19
pH 98 2 78 78

Alkalinity 96 4 78 78
Conductivity 99 1 78 78
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7 Reference material data

Primary reference materials are inserted by the laboratories as part of their QC process For the
ICP-MS data the results are reported in the cover notes (Appendix 1), giving relative standard
deviation (RSD) and percentage recovery. Most elements analysed by ICP-MS have an
uncertainty of £10%, while Na, Ca, Si, P, S, K, Fe, Zn, Sr and Ba have an uncertainty of £15%,
and Li, B, and Al have an uncertainty of +20%.

Secondary reference materials (SRMs) and a limited number of certified reference materials
(CRMs) were assigned a field number and therefore an analysis slot within the G-BASE field
samples and other QC samples. This would enable any bias between analysis runs, which have
not been identified by the laboratory QC process, to be assessed. The CRM used was the
National Research Council of Canada’s SLRS-5, this is an acidified sample so was only used for
F/A samples. The SRM used was collected from a stream local to the BGS headquarters, called
Fern.

Reference materials have been plotted (e.g. Miller and Miller, 2010) with the CRM and SRM
presented on one plot (Appendix 5) and the summary statistics in Table 7.1 and Table 7.2. The
CRM table allows for comparison with the certified value (mean and 95% confidence interval).
Median values have been presented for the SRMs, as this gives a more appropriate measure of
the central tendency of the data because outliers do not bias the data (Miller and Miller, 2010).
Mean values have been presented for CRMs for comparison with the mean of the certified
values, as well as the bias on the mean value compared to the expected value. Where
concentrations were well above the detection limits the precision was reasonable for the majority
of the certified parameters, but where many analyses were near or below the detection limit the
precision was poor (Table 7.1 and Table 7.2). Three elements (V, Zn and Mo) had bias greater
than can be accounted for by the expected variation on the CRM and that of the analytical
method (section 4): for V and Zn these biases are also accompanied by a high relative standard
deviation (25% and 54% respectively), although that is not the case for Mo (9%). Due to the low
number of analyses (n = 5) there has been no correction attempted based on these results, but
they should be borne in mind in any detailed interpretation or inter-comparison of data, although
other factors, such as long-term storage of the CRM may also play a part. Whilst Mn and Sr
mean values are outwith the confidence interval of the expected value, they are within limits
which are expected from the analytical technique, as shown by the bias (-6% and -7%
respectively) compared to the measurement uncertainty of £10%.

There were 88 SRM analyses. NPOC exhibited a downwards trend (Appendix 5), however this is
not mirrored in the sample site data (Figure 7.1), meaning this most likely represents an issue
with the stability of Fern, rather than an analytical problem. Furthermore it represents a very
small difference in relation to the natural abundances measured. F/UA sample data (anions and
DOC) exhibit a step change between SRMs inserted into the first 3 batches of 100 samples,
which is related to an older sample of Fern being used for the F/UAs only (Appendix 5).
Otherwise the distribution of SRM analyses do not suggest any problems with the sample site
data.
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Table 7.1 SRM summary statistics for fern — n=88

Variable DL Units Average Median Min Max Std Dev CV (%)
Li 1 pg/L 39.9 40.1 28.8 49.9 3.90 10
Be 0.01 pg/L <0.01 <0.01 <0.01 <0.01 <0.01 87
B 10 pg/L 199 205 140 246 20.6 10
Na 0.2 mg/L 35.4 35.7 29.2 38.6 1.95 6
Mg 0.01 mg/L 54.5 54.9 44.3 61.7 351 6
Al 1 pg/L 7.52 7.45 6.13 10.3 0.759 10
Si 50 pg/L 8950 8780 7850 11200 686 8
P 0.01 mg/L 2.78 2.76 2.48 3.39 0.139 5
S 1 mg/L 369 372 306 425 235 6
K 0.02 mg/L 10.5 10.5 9.34 12.0 0.476 5
Ca 0.3 mg/L 449 448 398 507 21.9 5
Ti 0.05 pg/L 0.182 0.170 0.048 0.477 0.066 37
\ 0.1 pg/L 7.99 7.84 6.59 9.63 0.627 8
Cr 0.05 pg/L 0.119 0.112 0.091 0.667 0.060 51
Mn 0.2 pg/L 7.08 6.98 6.26 15.0 0.905 13
Fe 1 pg/L 9.70 8.90 7.53 22.5 2.75 28
Co 0.01 pg/L 0.152 0.153 0.118 0.179 0.014 9
Ni 0.1 pg/L 0.923 0.914 0.724 1.50 0.093 10
Cu 0.4 pg/L 2.49 249 2.07 3.84 0.287 12
Zn 0.5 pg/L 15.8 15.9 12.1 22.1 1.36 9
As 0.02 pg/L 10.2 10.2 8.96 10.9 0.395 4
Se 0.10 pg/L 2.90 2.92 2.51 3.30 0.161 6
Rb 0.01 pg/L 454 453 3.83 5.07 0.222 5
Sr 0.10 pg/L 6350 6250 5590 7520 424 7
Y 0.005 pg/L 0.059 0.059 0.030 0.081 0.009 16
Zr 0.05 pg/L <0.05 <0.05 <0.05 0.205 0.022 62
Mo 0.03 pg/L 2.32 2.32 1.96 2.59 0.120 5
Cd 0.01 pg/L <0.03 <0.03 <0.03 0.052 0.006 37
Sn 0.02 pg/L 0.073 0.072 0.058 0.140 0.010 13
Sh 0.005 pg/L 0.178 0.177 0.163 0.200 0.008 5
Cs 0.005 pg/L 0.068 0.017 0.013 4.42 0.469 690
Ba 0.1 pg/L 86.8 87.0 78.6 95.7 3.54 4
La 0.002 pg/L 0.006 0.006 0.002 0.017 0.002 33
Ce 0.002 pg/L 0.005 0.004 <0.002 0.016 0.003 51
Pr 0.002 pg/L <0.002 <0.002 <0.002 0.003 0.001 122
Nd 0.01 pg/L <0.01 <0.01 <0.01 0.010 0.015 -88
Sm 0.002 pg/L 0.003 0.002 <0.002 0.008 0.001 53
Eu 0.002 pg/L <0.002 <0.002 <0.002 0.003 0.001 115
Tb 0.002 pg/L <0.002 <0.002 <0.002 0.002 0.000 56
Gd 0.002 pg/L 0.005 0.004 0.002 0.009 0.001 25
Dy 0.002 pg/L 0.003 0.003 <0.002 0.006 0.001 32
Ho 0.002 pg/L <0.002 <0.002 <0.002 0.002 0.000 39
Er 0.002 pg/L 0.003 0.003 <0.002 0.005 0.001 19

m 0.002 pg/L <0.002 <0.002 <0.002 0.002 0.000 40
Yb 0.002 pg/L 0.005 0.005 0.002 0.008 0.001 18
Lu 0.002 pg/L <0.002 <0.002 <0.002 0.003 0.000 25
TI 0.01 pg/L <0.01 <0.01 <0.01 0.017 0.004 84
Pb 0.02 pg/L 0.339 0.337 0.289 0.474 0.021 6
Th 0.005 pg/L 0.006 <0.005 <0.005 0.039 0.006 109
U 0.002 pg/L 8.89 8.87 7.68 10.4 0.415 5
DoC 0.50 mg/L 3.54 3.53 3.03 4.38 0.286 8
Cl 0.05 mg/L 62.5 60.7 48.7 109 8.27 13
S04 0.05 mg/L 992 1040 463 1500 178 18
NO3 0.03 mg/L 68.7 68.4 47.2 126 8.43 12
Br 0.01 mg/L <0.01 <0.01 <0.01 0.169 0.202 -279
NO2 0.005 mg/L <0.005 <0.005 <0.005 1.16 0.206 -5710
HPO4 0.01 mg/L 8.88 8.13 1.62 23.1 4.18 47
F 0.005 mg/L 0.114 0.153 <0.005 0.251 0.137 120

DL = detection limit; Std Dev = standard deviation; CV = Coefficient of Variation (the same as RSD)
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Table 7.2 CRM summary statistics for SLRS-5, n=5

Variable® Cert. value 95% ClI Mean Std Dev CV (%) Bias (%)

Li <1 0.050 13

Be 0.005* <0.01 0.001 14 n/a
B 6.42 1.87 29

Na 5.38 0.1 5.42 0.414 8 1
Mg 2.54 0.16 249 0.165 7 -2
Al 49.5 5 48.1 428 9 -3
Si 1980 96.6 5

P <0.01 0.002 40

S 2.27 0.222 10

0.839 0.036 0.809 0.070 9 -4

Ca 10.5 0.4 10.1 0.678 7 -4
Ti 1.78 0.141 8

\% 0.317 0.033 0.164 0.041 25 -48
Cr 0.208 0.023 0.216 0.013 6 4
Mn 433 0.18 4.05 0.301 7 -6
Fe 91.2 5.8 93.5 5.73 6 2
Co 0.05* 0.053 0.004 8 5
Ni 0.476 0.064 0.459 0.021 5 -4
Cu 17.4 1.3 175 0.619 4 1
Zn 0.845 0.095 0.640 0.345 54 -24
As 0.413 0.039 0.397 0.023 6 -4
Se <0.1 0.007 8

Rb 1.27 0.041 3

Sr 53.6 13 49.6 1.98 4 -7
Y 0.110 0.006 5

Zr <0.05 0.004 18

Mo 0.270 0.04 0.185 0.017 9 -31
Cd 0.006 0.001 <0.01 0.003 38 n/a
Sn <0.02 0.011 -144

Sh 0.300* 0.288 0.016 6 -4
Cs <0.005 0.003 57

Ba 14 0.5 14.3 0.538 4 2
La 0.206 0.017 8

Ce 0.247 0.009 4

Pr 0.050 0.004 7

Nd 0.201 0.009 5

Sm 0.033 0.003 10

Eu 0.005 0.001 17

Tb 0.004 0.000 13

Gd 0.028 0.002 8

Dy 0.020 0.002 8

Ho 0.004 0.001 20

Er 0.012 0.001 11
m <0.002 0.000 11

Yb 0.010 0.001 8

Lu <0.002 0.000 18

Tl <0.01 0.004 64

Pb 0.081 0.006 0.085 0.024 28 5
Th <0.005 0.001 20

U 0.093 0.006 0.090 0.006 6 -3

¥ Detection limits and units as for Table 7.1, omitted here for clarity. *Indicative values only. Std Dev = standard
deviation; CV = Coefficient of Variation (the same as RSD), 95% CI = 95% confidence interval.
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8 Monitor site data

The G-BASE survey is conducted from temporary field bases, which are typically occupied for
3-4 weeks. The field team moves field base as sampling progresses. At each field base a monitor
site is selected to be sampled once a day over the duration of the stay at that base. This provides
a temporal context for the spatial data.

The monitor site is chosen to be representative of local drainage characteristics of the streams
samples by the field teams. They must also be safe and easy to access to ensure daily sampling is
as efficient as possible. In all other ways the samples are collected and handled identically to
those of the routine regional baseline sampling, including being allocated a sample number from
the random number list. The monitor site samples are therefore analysed alongside the regional
samples, and in a random sequence.

Although two separate field teams sampled the south west in 2012, only one team (Team B) took
monitor site samples. Chemical data are presented in Appendix 6. No monitor site samples were
taken in 2013. The field season of 2012 was typified by unsettled weather. There were few
periods of dry weather, with only three days of the entire field season being recorded as “no rain
within a week”. Heavy rainfall events were frequently recorded by the teams and on one day one
of the teams suspended sampling in response to local flood warnings (Bearcock and Strutt,
2012). As a result the observed stream flow of each monitor site was variable, and did not follow
a distinct trend (i.e. the flow was up and down, rather than consistently increasing or decreasing)
which can cause concentration changes in the temporal data.

Monitor site 1 (Table 8.1, Figure 8.1) was a small first order stream with a reach of only about 1
km. The stream did not respond dramatically to rainfall events: the observed drainage condition
remained at low flow throughout the duration of sampling, although the water colour was brown
on one occasion following heavy rain. This lack of change in flow was reflected in the consistent
composition of analytes throughout the duration of sampling.

Monitor site 2 (Table 8.2, Figure 8.2) was a third order stream with a catchment area of around
6 km?. Over the four weeks that this site was sampled the weather was very mixed. During the
first two weeks there was rain on most days, the third week was predominantly dry, with a return
to wet weather by the fourth week. As a result the observed stream flow fluctuated between low
and moderate flow, with strong flow recorded on one day. The concentrations of the analytes
consequently vary throughout the duration of sampling. In addition conductivity, total alkalinity,
P, S, K, Ca, Mn, Co, Ni, Cu, Zn, As, Rb, Sr, Mo, Cd, Cs, Ba, Bi, U, Br, HPO,, and NO3 all have
one outlier of elevated concentration on 22/7/12. On this day the flow was observed to be low
following 10 days of moderate flow and one day where high flow was recorded. The water was
observed to be very cloudy and brown for the only time during sampling at this site. It should be
noted that the elements displaying this elevated concentration are consequently presented on a
scale, which appears to minimise variations in the remaining data.

Monitor site 3 (Table 8.3, Figure 8.3) was a first order stream with a reach of about 2 km. There
was evidence of previously high flow (undercut bank). The weather was variable with rain on
most days, but there were occasional periods of dry, sunny weather. The observed flow varied
from moderate to strong. As a result of the variable weather the analyte concentrations were also
variable throughout the duration of sampling.

The monitor site data illustrate the point that during 2012 the stream flow rates could be very
variable and frequently did not represent base flow conditions.
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Table 8.1 Site details fo

r Monitor Site 1

Site

MS1B

Dates Sampled

18/6/12 — 06/07/12 (19 samples collected)

Easting, Northing

186526, 61232

Stream name/ place

Colan Barton

Stream order

1

Stream Type

Small stream with low flow

Water Observations

Water Brown with moderate suspended solids after rain on 21% June.
Moderate suspended solids on 25™ and 26™ June. Otherwise water was
colourless with low suspended solids.

Local geology

Slate clasts

Catchment geology

Mudstone

Landuse

Rough grazing with mature deciduous trees

Notable comments

Rain recorded 21% June, overnight on 23" June, 27" June, 2" July, 3™
July, 4™ July, 5™ July.
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Table 8.2 Site details for Monitor Site 2

Site

MS2B

Dates Sampled

9/7/12 — 3/8/12 (26 samples)

Easting, Northing

258199, 103293

Stream name/ place

Woodhall

Stream order

3

Stream Type

Small stream with variable flow (low-strong)

Water Observations

Water predominantly yellow from 9™ -21% July with colourless reported
on 12" 13" 20" July. Water reported as brown on 22" July. Water
yellow on 23 July, then colourless from 24" July-1% August. Water
yellow on 2™ — 3" August.

Suspended solids variable from low to high throughout duration,
predominantly low during second half.

Water reported as being cloudy on 13™ -15™ July, and 23™ July. Reported
as very cloudy on 22" July

Local geology

Mudstone clasts

Catchment geology

Mudstone

Landuse

Domestic garden, rough grazing, arable

Notable comments

Wire fence crossing 5m upstream. Rain recorded on 7" Jula/ (roodin%
and heavy weather, cancelled sampling), 10" -13" July, 16" July, 19"
July, 30" July — 3" August
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Figure 8.2 Map showing location of Monitor Site 2
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Table 8.3 Site details for Monitor Site 3

Site MS3B

Dates Sampled 4/8/12-29/8/12 (26 samples)

Easting, Northing 300020, 120356

Stream name/ place Huntsham

Stream order 1

Stream Type Small stream with moderate to high flow

Water Observations The stream water colour was highly variable. It was mostly colourless,
but on 4™, 5™ 15M 16™ 18™ 23 and 28™ August it was yellow, and on
21% and 29™ August it was brown

Suspended solids varied from absent to high, however they were low for
18 of the observations.

Local geology Mudstone clasts

Catchment geology Mudstone, limestone

Landuse Rough grazing, domestic garden, recent deciduous trees
Notable comments 75m upstream of road. Barbed wire fence running parallel to stream.
Rain was recorded on 4", 6", 7" 15" 17" 21% 24" 25" 27" 29"
August
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9 Charge balance data

Charge balances are calculated on the sample and monitor site data to check the quality of the
analyses and to ensure that there are no systematic bias or error between the different sample
aliquots which have not been recognised by other methods used earlier in this report. The charge
balance is calculated by conversion of the major ion (Ca, Mg, Na, K, HCO3, SO,4, Cl, NO3) data
to miliequivalents per litre (meg/L) and Equation 2 (Appelo and Postma, 2007)

Charge Balance (%) =
(([sum cations]-[sum anions])/([sum cations]+[sum anions])) x 100 .....Equation 2

Convention dictates that with current analytical techniques charge balance errors should be no
more than 5%, however for the purposes of regional geochemical mapping an imbalance of
+10% is acceptable. If these data are to be studied further, at local scale, the results of this
equation should be revisited. Where the ionic strength is low (either cations or anions <1 meq/L),
a larger charge imbalance may be accepted. This is because small errors in concentration give
rise to proportionally larger errors.

After the charge balances were calculated it became apparent that there were some very high
negative errors, many of which were dominated by HCO3. Examination of the field lab books
showed that for a number of samples the information had been incorrectly databased. In other
cases it appeared that the information had been incorrectly recorded — e.g. the 0.16N H,SO,4 had
been used, but the reading had not been divided by ten to make the reading equivalent to a
titration performed with the 1.6N H,SO4.Where it was not certain that this was the cause of the
excess anions the concentration was not changed. Where below detection limit data were present
the artificial negative values were change to half the detection limit.

Of the 4918 full analyses undertaken, once obvious HCOg errors had been corrected, 233 were
found to have charge balance errors >+10%, of these 60 had low ionic strength. Data with charge
balance errors >+10% are presented in Figure 9.1 and reported in Appendix 7. The total
dissolved solids (TDS) was calculated as the total absolute value of the major ions listed above
in meg/L. Qualifiers are used on any poor analytical results (section 11).

Charge balance (%)

-50

1 10 100
TDS (meq/L)

Figure 9.1 Comparison of charge balance errors with TDS concentrations. Red circles
represent samples with low TDS (anions and/or cations <1 meg/L). Blue lines represent £10%
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10 Analytical cross-check and interference comparisons

These data are presented in graphical format, as a final check that when the geochemical data is
mapped, it will not show spatial relationships related to analytical artefacts, such as analyte-
analyte interferences.

10.1 TDS-CONDUCTIVITY

A useful check on the major ions is provided by comparing the measured conductivity with a
calculation of the total dissolved solids (TDS) (Appelo and Postma, 2007). In addition this
provides a useful check on conductivity, especially where very high measurements have been
transposed from mS/cm into uS/cm.

The TDS was calculated as described in Section 9. This was plotted against the measured
conductivity. Figure 10.1 shows that most samples follow the same regressional trend. There are
few samples lying out with this trend (highlighted in red in Figure 10.1, and presented in Table
10.1), to which qualifiers are applied in the Geochemistry Database (section 11).

10.2 COMPARISSON OF SULPHATE DATA BY IC AND ICP-MS

Sulphate is determined by IC (as the SO4* ion), and by ICP-MS (by calculation from S). The
ICP-MS data are generally preferred for mapping to provide consistency with previous field
campaigns; however IC SO,> were used for charge balance calculations (Section 9). .Figure 10.2
demonstrates that there is a good agreement between the two methods with most samples lying
on a 1:1 line. The only real exception to this is sample 470444, which is below detection
<0.05 mg/L) in the IC data, but measured 143 mg/L in the ICP-MS data. Using the IC data there
IS a charge imbalance of 30%, which is reduced to 4% when using the ICP-MS data. The IC
S04 data should not be used for this sample, and a qualifier has been applied to reflect this.

100 -
10
~
]
8
14
0.1 T T
10 100 1000 10000
Conductivity (US/cm)

Figure 10.1 Conductivity compared with TDS, outliers presented in red.
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Table 10.1 Samples lying out with regressional trend presented in Figure 10.1

Conductivity

TDS

Sample number (uS/cm) (meg/L) Action

470106 200 7.20 <10% imbalance - Qualify conductivity
470254 22 4.66 <10% imbalance - Qualify conductivity
470356 282 13.82 Qualify HCO;

470565 230 11.72 <10% imbalance - Qualify conductivity
470967 120 4.07 <10% imbalance - Qualify conductivity
471097 83 3.28 <10% imbalance - Qualify conductivity
471206 22 4.25 <10% imbalance - Qualify conductivity
471360 1051 217 <10% imbalance - Qualify conductivity
471706 247 0.84 <10% imbalance - Qualify conductivity
471713 153 0.91 <10% imbalance - Qualify conductivity
471719 81 2.68 <10% imbalance - Qualify conductivity
471754 71 4.62 Qualify HCO;

471779 59 3.28 <10% imbalance - Qualify conductivity
471794 63 2.78 <10% imbalance - Qualify conductivity
471966 119 4.43 <10% imbalance - Qualify conductivity
472027 092 3.32 <10% imbalance - Qualify conductivity
472182 86 0.85 <10% imbalance - Qualify conductivity
472502 77 0.55 Qualify HCO;

472554 147 4.90 Qualify HCO;

472599 48 1.63 Qualify HCO;

472900 202 9.72 <10% imbalance - Qualify conductivity
472911 62 0.47 <10% imbalance - Qualify conductivity
473166 106 5.28 Qualify HCO;

473186 57 0.59 <10% imbalance - Qualify conductivity
473203 85 0.81 <10% imbalance - Qualify conductivity
473286 97 3.60 <10% imbalance - Qualify conductivity
473411 43 2.39 <10% imbalance - Qualify conductivity
474419 45 9.17 <10% imbalance - Qualify conductivity
474514 210 16.31 <10% imbalance - Qualify conductivity
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Figure 10.2 Comparison if ICP-MS and IC sulphate data.

10.3 CHECK ON ICP-MS INTERFERENCES

Analytical interferences are corrected as part of the laboratory QC procedure; however as a final
check, plots are made of selected analyte pairs, which are known to be subject to interferences
This is carried out in order to check that any anomalies noted during mapping are not artefacts of
an interference. The comparisons undertaken for this report were: Ni-Ca, Zn-Ca, As-Cl, Cr-
NPOC, Eu-Ba as they were identified as identified as problematic in previous QC reports
(Ander, 2009, 2014). These graphs are presented in Figure 10.3 to Figure 10.7, and show that
there is no cause for concern.
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Figure 10.7 Comparison of Ba and Eu

10.4 DILUTION FACTOR CORRECTIONS

Dilution of samples brings the TDS, or a specific analyte into the calibration range, or within
operational conditions of the specific analysis method. This is particularly relevant if brackish
waters are being sampled or if there are very high concentrations of one analyte (e.g. NO3’
> 50 mg/L). As a result of dilution there may be analytes which have a value below the lowest
quantifiable value in the diluted solution. This may mean they have a larger error associated with
them, which propagates when multiplied by the dilution factor, or (in the case of the F/UA
analyses) can only be reported as less than a detection limit which is higher than the usual
detection limit. This affected the samples considered in this report as detailed below:

e ICP-MS: dilution factors are included in the results file. No samples were diluted.

e IC data: the data file did not report a dilution factor. The cover notes state that samples
were diluted, where necessary at higher total concentration loads, and where needed to
bring an individual analyte within the range covered by the standards. Samples which
have been diluted are reported in Table 10.2.

e NPOC data: the data file did not report a dilution factor. The cover notes state that
samples were diluted to bring them within the calibration range (<100 mg/L). Sample
472205 would have been diluted.
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Table 10.2: Samples diluted for IC analysis. Numbers in bold indicate upper calibration

limit

NB these data are not qualified as after they are diluted they fall within the calibration range.

¢l S04 NO3 Br NO2 HPO4 F
100 50 60 5 5 10 5
470019 475041 470019 474292 474585 474767 | 475007 | 475202 | 470072 | 475053 | 470974 | 474090 | N/A
470085 475051 470109 474306 474588 474784 | 475008 | 475203 | 470079 474376 | 474179
470156 475053 470182 474307 474601 474802 | 475010 | 475208 | 470100 474485 | 474292
473805 475054 470461 474308 474604 474806 | 475011 | 475212 | 470132 474415
473837 475062 470487 474309 474611 474808 | 475015 | 475218 | 470156 474937
473971 475064 470565 474312 474613 474809 | 475019 | 475227 | 470180 474941
474081 475079 470572 474313 474617 474812 | 475020 | 475238 | 470290 475113
474179 475083 470703 474323 474623 474813 | 475022 | 475259 | 470379 475148
474221 475084 470748 474327 474636 474815 | 475024 | 475267 | 470587 475202
474570 475086 472204 474334 474637 474819 | 475028 | 475270 | 470718 475238
474601 475087 472334 474335 474640 474822 | 475031 | 475274 | 470780
474640 475089 472366 474336 474642 474823 | 475045 | 475290 | 471126
474648 475093 472547 474340 474651 474829 | 475049 | 475293 | 471155
474658 475113 473302 474343 474653 474832 | 475051 | 475314 | 471497
474674 475148 473311 474351 474655 474833 | 475053 | 475343 | 473340
474688 475208 473343 474355 474658 474835 | 475054 | 475369 | 474090
474690 475343 473363 474357 474661 474837 | 475055 | 475386 | 474119
474692 473925 474361 474663 474839 | 475064 474179
474802 473993 474363 474665 474841 | 475071 474219
474815 474008 474367 474668 474842 | 475086 474292
474820 474026 474370 474671 474843 | 475091 474367
474821 474030 474371 474672 474847 | 475093 474651
474833 474056 474374 474674 474848 | 475094 474707
474843 474065 474383 474677 474859 | 475099 474752
474878 474068 474384 474678 474864 | 475100 474763
474881 474075 474392 474682 474872 | 475106 474802
474883 474081 474393 474685 474883 | 475112 474809
474884 474087 474394 474687 474885 | 475113 474812
474894 474094 474397 474690 474886 | 475114 474848
475008 474095 474398 474691 474889 | 475133 474937
475009 474099 474424 474692 474891 | 475134 474941
475010 474145 474457 474695 474893 | 475138 474995
475011 474147 474474 474705 474895 | 475140 474997
475012 474149 474487 474714 474898 | 475143 475005
475014 474176 474511 474732 474899 | 475148 475015
475019 474177 474531 474734 474922 | 475161 475105
475021 474213 474532 474741 474923 | 475167 475113
475022 474216 474534 474749 474934 | 475171 475202
475027 474226 474538 474752 474937 | 475173 475208
475028 474241 474556 474754 474973 | 475182 475267
475030 474246 474566 474755 474982 | 475185 475274
475033 474248 474572 474759 475002 | 475187 475290
475039 474281 474574 474763 475005 | 475197 475293
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11 Statistical summary of the data

Descriptive statistical values of the data are provided in Table 11.2. These data are summarised
in their original measurement units. Where reported in pg/L the data are converted to mg/L for
storage in the Geochemistry Database according to the database rules. All data have been loaded
irrespective of any concerns identified in this report. Where there are factors reducing the
confidence in the data, then a coded “qualifier” is appended, as described in the relevant
preceding report sections. It is strongly recommended that the “qualifiers” are always attached to
analytical data upon retrieval from the Database.

Table 11.1 shows the “qualifiers” (Mackenzie and Johnson, 2006) used on the data presented in
this report, and identifies the circumstances in which they were applied.

Table 11.1 Qualifiers applied to stream water data in the BGS Geochemistry Database.

Qualifier

Where applied

No analysis — i.e. applied where data are missing

#

Data < the Limit of Quantification (LoQ) by IC or TOC analyser. Applied as
required and the LoQ value halved

Data < the stated detection limit (DL) of the ICP-MS method. Applied as
necessary

Data of dubious quality. Applied systematically to all Sn data, as well as SEC data
identified in Table 10.1, and HCO3 data identified in Appendix 7

Uncertain value. The data are both <DL and * applies

36




Table 11.2 Summary statistics of the data.

“<” indicates that the entire percentile class is below the detection limit. $ (Sn only) denotes wider data problems.

Analyte pH Conductivity | Alkalinity | HCO; | NPOC Cl SO, NO; Br NO, HPO, F
unit N/A puS/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Method m%l';ler Conﬂggrv v ti':crlaetliocl)n ti':crI:tIi%n Toc IC IC IC IC IC IC IC
Detection limit N/A 10 0.05 0.12 0.5 0.05 0.05 0.03 0.01 0.005 0.01 0.005
Minimum value 4.8 17 1 1 <0.5 <0.05 <0.05 <15 <1 <0.5 <1 <0.5
Percentiles: 5 6.3 52 7 8 1.0 7.9 2.5 0.2 0.02 <0.005 | <0.01 0.015
10 6.7 86 12 15 1.2 10.2 3.8 0.8 0.03 <0.005 | <0.01 0.021
15 6.9 117 19 23 1.4 12.1 5.1 1.6 0.04 <0.005 | <0.01 0.026
25 7.2 162 30 37 1.9 15.3 7.2 3.4 0.05 <0.005 | <0.01 0.034
50 7.5 238 54 66 3.2 21.8 11.4 9.5 0.08 <0.005 | <0.01 0.054
75 7.7 376 109 133 5.5 32.7 19.5 20.0 0.12 0.007 0.03 0.092
90 7.9 574 220 268 9.2 46.2 34.3 30.9 0.17 0.012 0.19 0.147
95 8.1 684 259 315 12.3 60.1 49.4 39.7 0.21 0.020 0.47 0.200
99 8.2 1010 332 405 18.6 110.1 120.1 58.2 0.40 0.094 2.16 0.357
Maximum value 9.5 4720 634 773 108 1347 1444 281 6.3 19.1 23 2.34
Mean 7.4 298 84 103 4.4 28.1 18.9 13.7 0.10 0.01 0.13 0.08
Count (n) 6776 6773 6771 6771 4793 4793 4793 4793 4793 4793 4793 4793
Samples <DL (n) N/A 0 0 0 5 4 7 133 76 3347 3107 29
Samples <DL (%) N/A 0 0 0 <1 <1 <1 3 2 70 65 <l
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Table 11.2 Continued

Analyte Li Be B Na Mg Al Si P S K Ca Ti \Y Cr
unit pa/L ug/L ug/L mg/L mg/L ug/L ug/L mg/L mg/L mg/L mg/L ug/L ug/L pa/L
Method ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS
Detection limit 1 0.01 10 0.2 0.01 1 50 0.01 1 0.02 0.3 0.05 0.1 0.05
Minimum value <1 <0.01 <10 <0.2 <0.01 <1 <50 <0.01 <1 <0.02 <0.3 <0.05 <0.1 <0.05
Percentiles: 5 <1 <0.01 <10 5.49 1.07 2.56 1631 <0.01 <1l 0.56 2.23 <0.05 <0.1 <0.05
10| <1 <0.01 <10 6.91 1.87 3.95 1967 <0.01 1.33 0.88 5.46 <0.05 <0.1 0.06
15 <1 <0.01 10.62 7.98 2.49 5.23 2203 <0.01 1.76 1.17 8.27 <0.05 <0.1 0.07
25 1.14 <0.01 135 9.76 3.44 7.71 2564 0.02 2.51 1.60 12.1 0.07 <0.1 0.10
50| 224 <0.01 19.5 13.3 5.32 17.3 3335 0.03 4.13 2.55 20.8 0.20 0.18 0.16
75| 4.63 0.03 31.8 19.6 7.88 43.2 4308 0.07 6.98 4.02 43.5 0.51 0.37 0.25
90 | 9.00 0.11 55.6 29.1 11.2 104 5637 0.16 12.2 6.68 94.1 1.06 0.71 0.45
95 13.3 0.22 82.0 40.5 14.4 159 6747 0.28 17.5 9.24 115 1.65 1.09 0.66
99 | 30.0 0.41 224 88.4 25.7 281 9527 0.99 42.1 18.6 143 3.50 2.45 1.49
Maximum value 719 2.13 1113 829 334 1797 18748 7.93 496 98.6 312 18.8 7.75 6.01
Mean 4.28 0.039 31 18.24 6.47 40.4 3640 0.09 6.67 3.51 34.6 0.46 0.32 0.24
Count (n) 4792 4792 4792 4792 4792 4792 4792 4792 4792 4792 4792 4792 4792 4792
Samples <DL
(n) 981 2493 639 1 1 49 2 775 335 1 5 888 1410 336
Samples <DL
(%) 20 52 13 <1 <1 1 <1 16 7 <1 <1 19 29 7
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Table 11.2 Continued

Analyte Mn Fe Co Ni Cu Zn Ga As Se Rb Sr Y Zr Nb
unit pa/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L
Method ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS
Detection limit 0.2 1 0.01 0.1 0.4 0.5 0.03 0.02 0.1 0.01 0.1 0.005 0.05 0.02
Minimum value <0.2 <1 <0.01 <0.1 <0.4 <0.5 <0.03 <0.02 <0.1 <0.01 <0.1 <0.005 | <0.05 <0.02
Percentiles: 5 1.91 8.10 0.03 0.15 <0.4 <0.5 <0.03 0.22 <0.1 0.52 9.77 0.01 <0.05 <0.02
10| 3.32 13.8 0.05 0.22 <0.4 <0.5 <0.03 0.28 <0.1 0.74 17.9 0.02 <0.05 <0.02
15| 4.64 20.4 0.06 0.31 <0.4 0.61 <0.03 0.33 <0.1 0.91 27.0 0.03 <0.05 <0.02
25| 7.95 35.9 0.08 0.51 0.47 0.92 <0.03 0.41 0.11 1.15 394 0.04 <0.05 <0.02
50 | 18.7 122 0.17 1.27 0.84 1.85 <0.03 0.68 0.18 1.76 71.6 0.09 0.05 <0.02
75| 47.0 350 0.41 2.68 1.49 3.96 <0.03 1.30 0.29 2.90 152 0.22 0.12 <0.02
90 | 154 733 1.02 4.82 2.61 11.2 <0.03 2.74 0.49 5.10 295 0.50 0.23 <0.02
95| 414 1058 1.83 6.73 3.90 20.7 0.04 4.32 0.65 7.68 393 0.72 0.35 <0.02
99 | 2410 2934 7.27 16.4 12.5 111 0.14 12.8 1.05 14.4 758 1.53 0.68 <0.02
Maximum value | 25260 | 54951 76.9 67.0 421 1814 1.02 158 6.62 57.0 3335 7.39 3.41 0.12
Mean 134 339 0.59 2.23 1.72 8.5 <0.03 1.48 0.24 2.59 125 0.20 0.10 <0.02
Count (n) 4792 4792 4792 4792 4792 4792 4792 4792 4792 4792 4792 4792 4792 4792
Samples <DL
(n) 3 1 11 103 901 529 4446 1 1027 1 1 12 2373 4745
Samples <DL
(%) <1 <1 <1 2 19 11 93 <1 21 <1 <1 <1 50 99
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Table 11.2 Continued

Analyte Mo Ag Cd Sn Sb Cs Ba La Ce Pr Nd Sm Eu Thb
unit ug/l ug/l ug/l ug/l ug/l ug/l ua/l ua/l ua/l ua/l ua/l ua/l ua/l pa/l
Method ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS | ICP-MS
Detection limit 0.03 0.05 0.01 0.02 0.005 0.005 0.1 0.002 0.002 0.002 0.01 0.002 0.002 0.002
Minimum value -0.01 <0.05 <0.01 | $<0.02 | <0.005 | <0.005 <0.1 <0.002 | <0.002 | <0.002 <0.01 | <0.002 | <0.002 | <0.002
Percentiles: 5 001 |<0.05 <0.01 | $<0.02 0.02 | <0.005 2.15 0.004 0.01 |<0.002 |<0.01 0.002 | <0.002 | <0.002
10 0.02 <0.05 <0.01 | $<0.02 0.03 | <0.005 2.72 0.01 0.01 | <0.002 | <0.01 0.003 | <0.002 | <0.002
15 0.03 <0.05 <0.01 | $<0.02 0.03 | <0.005 3.35 0.01 0.01 0.002 | <0.01 0.004 | <0.002 | <0.002
25 0.04 <0.05 0.01 | $<0.02 0.04 0.01 4.46 0.01 0.02 0.004 0.01 0.01 0.002 | <0.002
50 0.08 <0.05 0.01 | $<0.02 0.07 0.03 8.81 0.04 0.06 0.01 0.06 0.02 0.005 0.003
75 0.17 <0.05 0.02 | $<0.02 0.12 0.19 20.3 0.10 0.18 0.04 0.16 0.05 0.01 0.01
90 0.39 <0.05 0.04 | $<0.02 0.22 0.52 48.8 0.24 0.42 0.08 0.34 0.09 0.02 0.01
95 0.64 <0.05 0.07 | $<0.02 0.32 0.92 80.9 0.42 0.69 0.13 0.58 0.14 0.03 0.02
99| 214 |<0.05 0.31 | $<0.02 0.73 2.79 182 1.21 2.37 0.42 1.79 0.39 0.09 0.05
Maximum value 14.7 0.17 5.54 1.03 16.7 63.57 661 10.8 17.9 2.85 11.5 2.24 0.45 0.27
Mean 0.20 <0.05 0.03 0.02 0.12 0.23 21.1 0.12 0.20 0.04 0.16 0.04 0.01 0.01
Count (n) 4792 4792 4792 4792 4792 4792 4792 4792 4792 4792 4792 4792 4792 4792
Samples <DL
(n) 797 4766 2200 2909 1 835 1 38 25 647 1208 319 1383 1869
Samples <DL
(%) 17 99 46 61 <1 17 <1 1 1 14 25 7 29 39
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Table 11.2 Continued

Analyte Gd Dy Ho Er m Yb Lu Hf Ta W Tl Pb Bi Th U
unit ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ua/l ug/l ua/l ua/l ug/l ua/l ug/l
Method ICP- ICP- ICP- ICP- ICP- ICP- ICP- ICP- ICP- ICP- ICP- ICP- ICP- ICP- ICP-
MS MS MS MS MS MS MS MS MS MS MS MS MS MS MS
Detection limit 0.002 | 0.002 | 0.002 | 0.002 0.002 | 0.002 0.002 0.01 0.02 0.05 0.01 0.02 0.01 0.005 | 0.002
Minimum value | <0.00 | <0.002 | <0.002 | <0.002 | <0.002 | <0.002 | <0.002 | <0.01 | <0.02 | <0.05 | <0.01 |<0.02 |<0.01 <0.005 | <0.002
Percentiles: 5 | 0.002 0.002 | <0.002 | <0.002 | <0.002 | 0.002 | <0.002 | <0.01 <0.02 <0.05 <0.01 <0.02 <0.01 <0.005 0.01
10 | 0.003 0.003 | <0.002 | 0.002 | <0.002 | 0.002 | <0.002 | <0.01 <0.02 <0.05 <0.01 <0.02 <0.01 <0.005 0.01
15 | 0.004 0.004 | <0.002 | 0.003 | <0.002 | 0.003 | <0.002 | <0.01 <0.02 <0.05 <0.01 0.02 <0.01 <0.005 0.02
25| 0.01 0.01 | <0.002 | 0.004 |<0.002 | 0.004 | <0.002 | <0.01 <0.02 <0.05 <0.01 0.03 | <0.01 <0.005 0.02
50 | 0.02 0.02 0.003 0.01 <0.002 0.01 0.002 | <0.01 <0.02 <0.05 <0.01 0.08 <0.01 <0.005 0.07
75| 0.05 0.04 0.01 0.02 0.003 0.02 0.004 0.01 |<0.02 |<0.05 0.01 0.18 | <0.01 0.01 0.31
90| 0.10 0.08 0.02 0.05 0.01 0.04 0.01 0.01 |<0.02 |<0.05 0.02 0.37 0.01 0.02 0.66
95| 0.14 0.11 0.02 0.07 0.01 0.06 0.01 0.02 | <0.02 0.05 0.03 0.57 0.01 0.04 1.07
99 | 0.37 0.27 0.05 0.15 0.02 0.13 0.02 0.03 | <0.02 0.17 0.10 1.50 0.02 0.09 2.89
Maximum value | 2.00 1.43 0.28 0.82 0.11 0.64 0.11 0.18 0.11 14.6 2.34 221 0.17 0.55 13.67
Mean 0.05 0.03 0.01 0.02 0.003 0.02 0.003 | 0.005 | 0.001 0.02 0.01 0.24 <0.01 0.01 0.29
Count (n) 4792 4792 4792 4792 4792 4792 4792 4792 4792 4792 4792 4792 4792 4792 4792
Samples <DL
(n) 184 310 1734 483 2980 421 2739 4286 4789 4561 3749 701 4151 2538 5
Samples <DL
(%) 4 6 36 10 62 9 57 89 100 95 78 15 87 53 <1
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Appendix 1 Analytical Cover Notes provided by the
laboratories

Commercial-in-confidence, not for external release.
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Appendix 2

below the detection limit
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Appendix 3

Blank water data and graphs

SELECTED F/A SAMPLE ANALYSES
Highlighted cells show data above the detection limit

Sample Number B (ng/L) K_mg/L Zn (ug/L) Rb (ug/L) Sr (pg/L) Sn (pg/L) Ce (ug/L) Nd (pg/L)

Detection Limit 10 0.02 05 0.01 0.1 0.02 0.002 0.010
470014 0005235 | 0201044 | -0.000683 | -0.002642 | 0009653 | -0.000453 | -0.008856
470062 0002106 | 0336922 | -0.001654 | -0.056994 - -0.000085 | -0.002692
470110 0002227 | 0296117 | 0004352 | -0.035178 | 0015006 | -0.000132 | 0.002538
470175 0003994 | 0020726 | 0015871 | 0.000304 | 0.001162
470203 0001619 | 0113267 | 0002393 | 0.001566 | 0011720 | -0.000252 | -0.002587
470232 0011632 | 0177352 | 0006051 | 0.034749 | 0002843 | -0.000275 | 0.001403
470344 0000322 | 0113253 | 0001195 | 0.000396 | 0015742 | -0.000537 | 0.008667
470375 0002744 | -0.095263 | -0.000362 | -0.006969 | 0.001959 | 0.000276 | -0.006582
470414 0092532 | 0011607 | 0.000064 | 0.002455
470462 0000276 | 0019442 | 0.003097 | -0.003110 -0.000629 | -0.002050
470510 0004326 | 0137889 | 0.003928 | -0.007960 0.000523 | -0.003557
470575 10.000043 | -0.015044 | -0.001435 | -0.000767 .0.000385 | 0.001149
470603 0.033000 | -0.755845 | -0.026074 | -0.011122 10.000126 | -0.009322
470632 0026374 | -0.691020 | -0.022318 0.015653 | -0.000245 | 0.000352
470744 0022079 | -0.656530 | -0.025555 | 0.023631 | 0000702 | -0.000866 | 0.006981
470775 0.000407 | -0.077535 | -0.000168 | 0.018467 | 0008523 | 0.000012 | -0.004617
470814 0000280 | -0.004488
470862 0.001065 | -0.026971 .0.000001 | 0.001153
470910 0.001917 | -0.036870 0000314 | 0.004533
470975 0003117 | -0.043559 | 0004215 | 0.004916 | 0012649 | 0.000748 | 0.005363
471003 0003623 | -0.076206 | 0.001758 | -0.045400 | 0018123 | 0.000375 | 0.000272
471032 0005237 | 0106433 | 0.004074 | 0.023640 | 0010621 | 0.000540 | -0.004178
471144 0000738 | 0349667 | 0.000466 | 0.009406 | 0016499 | -0.000020 | -0.010406
471175 .0.000969 | -0.096419 | -0.002027 | -0.008655 | 0.007636 | -0.001149 | -0.015494
471214 0002212 | -0.044965 | -0.002970 | 0.007189 | 0012154 | 0.000023
471262 0018426 | -0.552161 | -0.007258 | -0.017016 .0.000287 | 0.002803
471310 .0.000864 | -0.016897 | 0.003053 | 0.003862 -0.000439 | -0.010955
471375 0.000047 | -0.073315 | 0000448 | 0.049183 | 0003861 | 0.000034 | 0.004777
471403 0004254 | -0.046081 | 0.000428 | 0.038492 | 0018556 | -0.000364 | 0.006171
471432 0000849 | 0007050 | -0.000135 | 0.007999
471544 0005932 | -0.001436 | 0002348 | 0030843 | 0019679 | -0.000190 | 0.000592
471575 0009771 | 0059402 | 0007537 | 0.006798 0.000155 | 0.002728
471614 0.022939 0001209 | 0.002333
471662 0000329 | 0002211
471710 0.000852 | -0.009292
471775 0012795 | 0.212649 0.003954 0000048 | 0.001578
471803 .0.001182 | -0.103621 -0.000204 | 0002285
471832 0.000024 | -0.008466
471944 0003285 | -0.174906 | 0.002451 | -0.000884
471975 0002808 | -0.224663 | -0.000396 | 0.003570 | 0002639 | -0.000126 | 0.007066
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Sample Number B (ug/L) K_mg/L Zn (pg/L) Rb (pg/L) Sr (ug/L) Sn (ug/L) Ce (pg/L) Nd (ug/L)

Detection Limit 10 0.02 05 0.01 0.1 0.02 0.002 0.010
472014 0043134 | 0002868 | -0.000072 | 0.001699
472062 0001542 | 0056950 | 0004295 | -0.011976 | 0.011087 -@
472110 0001922 | -0.045040 | 0001326 | 0.003999 | 0011641 | -0.000395 | -0.001513
472175 .0.004887 | 0014760 | 0002836 | 0.037180 | 0001531 | 0.000340 | 0.003149
472203 0.002355 | -0.038079 | 0.006565 | 0.001792 | 0.016536 | 0.001050 | -0.000900
472232 0007764 | 0013271 | -0.000124 | -0.005691
472344 0001970 | 0000875 | 0001742 | 0.006751 | 0008699 | -0.000067 | -0.003732
472375 0005692 | 0133491 | 0007134 | -0.005435 | 0002973 | 0.000265 | 0.001983
472414 0.003468 | -0.013876 | 0.001699 | -0.000285 | 0005293 | 0.000377 | -0.003212
472462 0004328 | -0.231697 | 0001249 | 0022067 | 0011271 | -0.000315 | -0.001709
472510 0002438 | -0.202678 | 0001288 | -0.007142 | 0007514 | -0.000180 | -0.001452
472575 0003544 | -0.139817 | 0.003745 | 0.047648 | 0001719 | 0.000290 | -0.002759
472603 0002944 | 0017708 | 0000651 | 0.006626 | 0015744 | 0.000612 | -0.007819
472632 0000615 | 0013179 | 0004727 | -0.000557 | 0007825 | -0.000188 | -0.003426
472744 0001128 | 0049574 | 0001793 | -0.004721 | 0004920 | 0.000442 | 0.001663
472775 0.000043 | 0104915 | -0.000172 | -0.002588 | 0001714 | -0.000051 | -0.004495
472814 0002336 | 0005226 | 0002258 | 0017713 | 0007708 | -0.000013 | -0.002398
472862 0.001015 | -0.021210 | 0.000886 | -0.016230 | 0017475 | 0.000559 | -0.001133
472910 0000274 | 0056522 | 0.000827 | -0.019159 | 0.005397 -0.001501
472975 0002400 | 0194130 | 0003438 | -0.000007 | 0.008106 -0.002066
473003 10.004655 | -0.091888 | 0.001663 | -0.030988 -0.000204 | -0.008150
473032 0005100 | 0347141 | 0006899 | 0.005326 0.000589 | -0.005620
473144 0.092966 | 0002559 | 0.028332 .0.000137 | 0.001651
473175 0000612 | -0.171597 | 0.000623 | -0.048752 -0.000082 | -0.001531
473214 0001058 | -0.122883 | 0.000752 | -0.058319 | 0.007146 | -0.000078 | 0.004030
473262 0003731 | -0.136678 | -0.000397 | -0.067173 | 0019610 | 0.000244 | 0.004453
473310 0009543 | 0009697 | 0.000876 | 0.018307 | 0006943 | 0.000298 | 0.003970
473375 0001048 | -0.047114 | 0001178 | 0.014539 | -0.000753 | 0.000165 | 0.005652
473403 0001003 | -0.047136 | -0.000179 | 0.002211 | 0016661 | 0.000043 | -0.003752
473432 0.001066 | -0.005299 | 0.007321 | -0.000047 | -0.006068
473544 0007708 | 0090394 | 0001625 | 0.002041 | 0005888 | 0.000203 | 0.000596
473575 0017239 | 0368010 | 0002058 | -0.000367 | 0002207 | 0.000139 | 0.005043
473614 0004327 | 0145403 | 0009307 | -0.003492 | 0004293 | -0.000268 | -0.006992
473662 0.005186 | -0.002439 | -0.000195 | -0.002080 | 0009753 | 0.000222 | -0.002677
473803 0000918 | 0073701 | 0.003910 | -0.005130 - .0.001934 | -0.060630
473832 0004503 | -0.012642 | -0.000377 | -0.008989 | 0.006988 | -0.001844 | -0.060256
473910 0001500 | 0102988 | 0001577 | -0.080813 | 0017747 | -0.000304 | -0.042180
473975 0003115 | -0.003137 | 0.002171 0005528 | 0000770 | 0.003352
474014 0000618 | 0087584 | 0.007399 | 0.000218
474062 0000950 | -0.110731 | 0002783 | 0.013115 | 001679 | -0.001737 | -0.032119
474144 0002091 | 0470243 | 0000722 | 0.055269 | 0014689 | 0.000522
474175 0021446 | 0013656 | 0.001063
474203 0010654 | 0175222 | 0000252 | 0.003064 | 0016423 | 0.001474
474232 0001184 | 0240505 | 0001856 | 0.015513 | 0009244 | -0.001188 | -0.047537
474310 0011346 | 0093115 | 0001917 | -0.031512 - -0.001665 | -0.035529
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Sample Number B (ug/L) K_mg/L Zn (pg/L) Rb (pg/L) Sr (ug/L) Sn (ug/L) Ce (pg/L) Nd (ug/L)
Detection Limit 10 0.02 05 0.01 0.1 0.02 0.002 0.010
474375 0.001025 | -0.007725
474414 77777
474462 .0.009264 | 0096007 | -0.000576 | -0.158851 -0.002154 | 0.005398
474544 0002393 | 0048706 | 0001297 | -0.044847 | 0018328 | 0.000846 | 0.005816
474575 10.029389 | 0.007209 0.008042
474603 0009063 | 0102991 | 0001444 | 0.039293 -0.000427 | -0.000103
474632 0012127 | 0296051 | 0.008730 | 0.031551 0.000246 | -0.016664
474710 0120918 | 0008380 | 0015048 | 0.018778 | 0001315 | 0.002391
474775 0006375 | 0419909 | 0.000865 | 0.032046 | 0008224 | -0.000844 | 0.009362
474814 0011320 | 0.160245 ! 0035602 | 0004683 | -0.000020 | 0.008173
474862 0006190 | 0135772 | 0001148 | 0.009930 | 0008871 | 0.000100 | -0.007821
474944 0240383 | 0001066 | 0014493 | 0.002561 | -0.044426 | 0012236 | 0.000236 | -0.012882
474975 .0.579667 | 0016579 | 0.437111 0012856 | 0012024 | 0001210 | -0.000602
475003 0.004229 | 0084205 0.002905 | 0014197 | 0.000194 | 0.006127
475032 0.016703 | 0.109011 0011513 | 0007362 | -0.000104 | 0.005928
475110 -0.019091 10.000072 | -0.073189
475175 -0.791069 0002431 | 0.003735
475214 1.345935 0018604 | 0005124 | -0.000453 | -0.040119
475262 -1.296640 .0.000215 | 0.005376
475344 1.961312 0003662 | 0000011 | -0.005141
475375 0.374156 | 0006642 | 0011999 | 0.000909 0.000509 | -0.000368 | -0.004266
Number >DL 9 15 14 19 6 28 6 8
Percentage >DL 91 14 13 18 6 26 6 8
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Comparison graphs of blank water samples and sample site data for F/A analytes
highlighted in Error! Reference source not found.

Red circles are blanks, blue diamonds are samples and the green horizontal line indicates the
detection limit. Missing data are those where the reported value is negative and cannot be plotted
on a log-transformed axis. Samples collected during 2013 commence at sample number 473801.
The vertical red lines on the Zn map identify the batch of 100 samples where both blanks were

above the detection limit.
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100
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O
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SELECTED F/UA SAMPLE ANALYSES

Highlighted cells show data above the detection limit

Sample Number Cl S0~ NO5 F
Detection Limit 0.05 0.05 0.03 0.005
470014 -0.05 -0.05 -0.03 -0.005
470062 \ \ |
470110
470175 | 005 | | |
470203 | 005 | -003 | |
470232 | 005 \ \
470344 | 005 -0.03
470375 | 005 -0.03
470414
470462
470510
470575
470603
470632
470744
470775
470814
470862
470910
470975
471003
471032
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Sample Number
Detection Limit
471144
471175
471214
471262
471310
471375
471403
471432
471544
471575
471614
471662
471710
471775
471803
471832
471944
471975
472014
472062
472110 -0.05
472175 -0.05
472203 -0.05
472232 -0.05
472344
472375
472414 -0.05
472462 -0.05
472510 -0.05
472575
472603 -0.05
472632 -0.05
472744 -0.05
472775 -0.05
472814 -0.05
472862 -0.05
472910 -0.05
472975 -0.05
473003 -0.05
473032 -0.05
473144 -0.05
473175 -0.1
473214 -0.05
473262 -0.05
473310 -0.05
473375 -0.05
473403 -0.05
473432 -0.05
473544 -0.05
473575 -0.05
473614 -0.05
473662 -0.05
473803 -0.05
473832
473910 -0.1
473975 -0.05
474014 -0.05
474062 -0.05
474144 -0.05
474175 -0.05
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Comparison graphs of blank water samples and sample site data for F/A analytes
highlighted in Error! Reference source not found.

Red circles are blanks, blue diamonds are samples and the green horizontal line indicates the
detection limit. As the data are censored and all negative data denotes samples at or below the
detection limit these have been changed to half the detection limit for the purposes of graphing

the data.
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Appendix 4 Duplicate-replicate data plots

AXxis units in plots are as listed for each analytical parameter in Table 5 and Table 6. Black line
represents 1:1 relationship
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Appendix 5 SRM and CRM data plots

CRMS

The solid black line represents the certified value, the dashed black lines represents the 95%
confidence limits, and the red line represents the average of the measured data.
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Scatterplot of Ba_pug/l vs Sample_Number
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Scatterplot of Ca_mg/l vs Sample_Number
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Scatterplot of Co_pug/l vs Sample_Number
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Scatterplot of Cu_pug/l vs Sample_Number
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Scatterplot of K_mg/l vs Sample_Number
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Scatterplot of Mn_pug/l vs Sample_Number
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Scatterplot of Na_mg/l vs Sample_Number
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Scatterplot of Pb_pg/l vs Sample_Number
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Scatterplot of Sr_pg/| vs Sample_Number
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Scatterplot of V_pg/l vs Sample_Number
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Scatterplot of Li_pg/l vs Sample_Number
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Scatterplot of B_pg/l vs Sample_Number
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Scatterplot of Mg_mg/I vs Sample_Number
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Si_pg/I

Scatterplot of Si_pg/l vs Sample_Number
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Scatterplot of S_mg/| vs Sample_Number
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Scatterplot of Ca_mg/l vs Sample_Number
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Scatterplot of V_pg/l vs Sample_Number
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Scatterplot of Mn_pug/l vs Sample_Number
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Scatterplot of Co_pug/l vs Sample_Number
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Scatterplot of Cu_pug/l vs Sample_Number
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Scatterplot of As_pg/l vs Sample_Number
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Scatterplot of Rb_pg/l vs Sample_Number
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Scatterplot of Y_pg/l vs Sample_Number
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Scatterplot of Mo_pg/l vs Sample_Number
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Scatterplot of Sn_pug/l vs Sample_Number
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Scatterplot of Cs_pg/l vs Sample_Number
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Scatterplot of La_pg/l vs Sample_Number
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Scatterplot of Pr_pg/| vs Sample_Number
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Scatterplot of Sm_pg/l vs Sample_Number
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Scatterplot of Tb_pg/l vs Sample_Number
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Scatterplot of Dy_pug/l vs Sample_Number
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Scatterplot of Er_pg/l vs Sample_Number
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Scatterplot of Yb_pg/l vs Sample_Number
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Scatterplot of TI_pg/l vs Sample_Number
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Scatterplot of Th_pg/l vs Sample_Number
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Scatterplot of NPOC vs Sample_Number
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Scatterplot of SO4 vs Sample_Number
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Scatterplot of NO3 vs Sample_Number
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Scatterplot of Br vs Sample_ Number
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Scatterplot of HPO4 vs Sample_Number
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Appendix 6

Monitor Site data graphs

Where applicable detection limits are marked as horizontal lines on each graph.

Scatterplot of pH vs Date
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Scatterplot of Tot_alkali vs Date
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Scatterplot of Be_pg/l vs Date
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Scatterplot of Na_mg/I vs Date
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Scatterplot of Al_pg/l vs Date
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P_mg/Il

Scatterplot of P_mg/| vs Date
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Scatterplot of K_mg/| vs Date
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Scatterplot of Ti_pg/| vs Date
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Scatterplot of Cr_pg/| vs Date

0.8 1 - M-onitor
Site
. ® MS1B
0 u m MS2B
MS3B
0.6 1
[ |
m
_ 0.5 4
B ..
=T 0 4 | | - [
}
° 0.3 .
2O [ |
a L
0.2 - o m
° o e
L)
0.1 4
0.05
0.0 4 : : :
01/07/2012 01/08/2012 01/09/2012
Date
Scatterplot of Mn_pug/1 vs Date
200 Monitor
- Site
® MS1B
m MS2B
150 - u MS3B
=
.%: 100 -
= | |
s
50 n "
] [ ]
e B
0 | ess"smtussssssstes 0.2
01/07/2012 01/08/2012 01/09/2012
Date

290




Scatterplot of Fe_pg/| vs Date
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Scatterplot of Ni_pg/| vs Date
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Scatterplot of Zn_pg/| vs Date
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Scatterplot of Se_pg/l vs Date
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Scatterplot of Sr_pg/| vs Date
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Scatterplot of Zr_pug/l vs Date
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Scatterplot of Cd_pug/l vs Date
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Scatterplot of Sb_pg/l vs Date
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Scatterplot of Ba_pug/l vs Date
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Scatterplot of Ce_pg/l vs Date
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Scatterplot of Nd_pg/| vs Date
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Scatterplot of Eu_pg/| vs Date
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Scatterplot of Gd_pg/| vs Date
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Scatterplot of Ho_pg/I vs Date
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Scatterplot of Tm_pug/1 vs Date
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Scatterplot of Lu_pg/| vs Date
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Scatterplot of Pb_pg/l vs Date
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Scatterplot of Th_pg/| vs Date
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Scatterplot of Br vs Date
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Scatterplot of F vs Date
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Scatterplot of NO2 vs Date
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Scatterplot of NPOC vs Date
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Appendix 7

Charge balance errors in excess of £10%

Sample Charge Error Action Total Total Ca Mg Na K HCO3 S04 cl NO3

Number | balance cations anions | (meq/L) | (meq/L) | (meq/L) | (meq/L) | (meqg/L) | (meq/L) | (meqg/L) | (meq/L)
472599 -35.93 Low TDS No correction for low TDS 0.521 -1.105 0.178 0.120 0.197 0.026 -0.799 -0.066 -0.226 -0.0144
472502 -30.28 Low TDS No correction for low TDS 0.191 -0.359 0.022 0.038 0.126 0.005 -0.200 -0.021 -0.138 -0.0002
475295 -29.35 Alkalinity , yellow cloudy sample Caution HCO3 2.123 -3.887 0.663 0.430 0.980 0.049 -2.518 -0.057 -1.216 -0.0961
474941 -26.22 Alkalinity , black sample Caution HCO3 7.545 -12.908 5.272 0.336 1.547 0.389 -9.611 -0.252 -1.142 -1.9032
472554 -22.42 Alkalinity Caution HCO3 1.900 -2.998 1.189 0.260 0.333 0.118 -2.238 -0.202 -0.367 -0.1919
474043 -20.75 Alkalinity Caution HCO3 3.446 -5.250 1.956 0.409 0.962 0.119 -3.457 -0.548 -1.230 -0.0163
473397 -19.74 Alkalinity Caution HCO3 4.319 -6.444 3.148 0.597 0.484 0.091 -5.435 -0.194 -0.505 -0.3097
470957 -19.62 Indeterminate Caution 1.695 -2.522 0.410 0.375 0.778 0.132 -0.999 -0.274 -0.740 -0.5095
472293 -19.43 Alkalinity Caution HCO3 1.265 -1.875 0.516 0.282 0.380 0.086 -1.179 -0.160 -0.460 -0.0760
471682 -18.16 Alkalinity , yellow-brown sample Caution HCO3 4.315 -6.231 1.278 0.836 1.018 1.183 -3.756 -0.244 -1.111 -1.1194
473481 -17.36 Low TDS No correction for low TDS 0.773 -1.098 0.301 0.177 0.277 0.019 -0.699 -0.091 -0.285 -0.0226
475347 -16.21 Alkalinity Caution HCO3 2.223 -3.083 1.147 0.342 0.562 0.172 -1.678 -0.172 -0.728 -0.5048
470740 -15.90 Indeterminate Caution 1.873 -2.581 0.619 0.518 0.682 0.053 -0.809 -0.289 -1.281 -0.2016
474851 -15.35 Alkalinity , cloudy sample Caution HCO3 2.597 -3.538 0.909 0.697 0.895 0.096 -2.378 -0.014 -1.145 -0.0016
473113 -15.21 Alkalinity Caution HCO3 1.046 -1.421 0.340 0.271 0.407 0.028 -0.719 -0.202 -0.375 -0.1242
475391 -14.80 Alkalinity Caution HCO3 1.367 -1.842 0.622 0.235 0.470 0.041 -1.039 -0.139 -0.561 -0.1024
472198 -14.73 Low TDS No correction for low TDS 0.662 -0.891 0.240 0.111 0.275 0.036 -0.474 -0.053 -0.327 -0.0371
472538 -14.54 Alkalinity Caution HCO3 1.079 -1.446 0.480 0.250 0.311 0.038 -0.959 -0.106 -0.280 -0.1005
471157 -14.42 Alkalinity Caution HCO3 1.611 -2.154 0.892 0.255 0.377 0.087 -1.223 -0.250 -0.438 -0.2437
473741 -13.93 Alkalinity Caution HCO3 2.786 -3.687 1.472 0.604 0.599 0.110 -2.338 -0.269 -0.671 -0.4097
472931 -13.90 Low TDS No correction for low TDS 0.388 -0.514 0.067 0.070 0.234 0.018 -0.280 -0.035 -0.196 -0.0031
474137 -13.64 Low TDS No correction for low TDS 0.645 -0.849 0.152 0.105 0.372 0.016 -0.320 -0.092 -0.437 -0.0002
471045 -13.48 Alkalinity Caution HCO3 2.857 -3.747 1.020 0.551 0.620 0.665 -2.258 -0.166 -0.698 -0.6261
470962 -13.34 Alkalinity , cloudy sample Caution HCO3 3.070 -4.014 0.997 0.586 0.955 0.532 -2.136 -0.203 -1.019 -0.6556
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Sample Charge Error Action Total Total Ca Mg Na K HCO3 So4 cl NO3

Number | balance cations anions (meq/L) | (meq/L) | (meq/L) | (meqg/L) | (meqg/L) | (meqg/L) | (meq/L) | (meq/L)
472567 -13.11 Alkalinity Caution HCO3 1.385 -1.803 0.627 0.372 0.332 0.054 -1.099 -0.146 -0.364 -0.1935
473695 -13.02 Low TDS No correction for low TDS 0.644 -0.837 0.198 0.149 0.239 0.058 -0.519 -0.048 -0.264 -0.0060
471046 -12.98 Alkalinity Caution HCO3 1.308 -1.699 0.654 0.210 0.350 0.094 -1.219 -0.063 -0.337 -0.0800
471772 -12.95 Low TDS No correction for low TDS 0.405 -0.525 0.113 0.108 0.178 0.006 -0.320 -0.048 -0.155 -0.0025
470258 -12.85 Alkalinity Caution HCO3 3.065 -3.969 1.544 0.712 0.762 0.046 -2.058 -0.433 -0.942 -0.5355
470559 -12.62 Indeterminate Caution 2.268 -2.923 0.823 0.684 0.736 0.024 -0.979 -0.294 -0.973 -0.6774
472544 -12.57 Low TDS No correction for low TDS 0.199 -0.256 0.029 0.041 0.123 0.006 -0.086 -0.028 -0.141 -0.0006
472546 -12.53 Low TDS No correction for low TDS 0.857 -1.102 0.385 0.124 0.315 0.034 -0.480 -0.146 -0.395 -0.0815
471340 -12.53 Indeterminate Caution 2.120 -2.728 0.651 0.476 0.719 0.275 -1.071 -0.165 -0.832 -0.6597
473349 -12.45 Indeterminate Caution 1.674 -2.150 0.873 0.377 0.390 0.034 -1.399 -0.208 -0.361 -0.1823
473200 -11.95 Indeterminate Caution 1.031 -1.311 0.371 0.198 0.425 0.037 -0.559 -0.152 -0.463 -0.1369
473065 -11.80 Low TDS No correction for low TDS 0.962 -1.219 0.400 0.208 0.323 0.030 -0.779 -0.115 -0.288 -0.0379
472550 -11.66 Low TDS No correction for low TDS 0.343 -0.433 0.049 0.061 0.206 0.026 -0.120 -0.073 -0.231 -0.0092
474656 -11.61 Alkalinity Caution HCO3 7.378 -9.315 5.847 0.420 1.049 0.061 -6.753 -0.595 -1.413 -0.5532
472683 -11.59 Indeterminate Caution 1.067 -1.347 0.484 0.225 0.315 0.043 -0.739 -0.108 -0.327 -0.1726
473723 -11.47 Alkalinity Caution HCO3 2.557 -3.219 1.616 0.329 0.404 0.209 -2.018 -0.271 -0.542 -0.3887
474189 -11.43 Low TDS No correction for low TDS 0.877 -1.104 0.243 0.156 0.464 0.014 -0.619 -0.058 -0.426 -0.0002
473220 -11.36 Low TDS No correction for low TDS 0.764 -0.960 0.255 0.197 0.283 0.029 -0.539 -0.092 -0.302 -0.0274
474107 -11.29 Alkalinity Caution HCO3 3.190 -4.002 1.732 0.470 0.599 0.388 -2.977 -0.364 -0.573 -0.0882
475247 -11.25 Alkalinity Caution HCO3 7.717 -9.673 5.202 0.929 1.442 0.144 -8.672 -0.037 -0.962 -0.0024
472582 -11.23 Low TDS No correction for low TDS 0.200 -0.251 0.041 0.038 0.116 0.005 -0.086 -0.021 -0.140 -0.0044
472658 -11.12 Low TDS No correction for low TDS 0.621 -0.777 0.267 0.092 0.237 0.026 -0.406 -0.083 -0.233 -0.0548
474997 -11.08 Alkalinity Caution HCO3 11.202 -13.994 5.820 1.642 1.217 2.523 -9.671 -0.053 -2.666 -1.6048
472876 -10.98 Alkalinity Caution HCO3 2.283 -2.846 0.722 0.645 0.842 0.075 -1.778 -0.235 -0.773 -0.0600
472516 -10.89 Alkalinity Caution HCO3 1.769 -2.201 1.018 0.343 0.377 0.031 -1.279 -0.166 -0.460 -0.2968
472563 -10.88 Low TDS No correction for low TDS 0.252 -0.314 0.039 0.053 0.149 0.010 -0.116 -0.028 -0.169 -0.0015
472504 -10.61 Alkalinity Caution HCO3 1.737 -2.150 1.127 0.225 0.330 0.055 -1.359 -0.174 -0.412 -0.2048
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Sample Charge Error Action Total Total Ca Mg Na K HCO3 So4 cl NO3

Number | balance cations anions (meq/L) | (meq/L) | (meq/L) | (meqg/L) | (meqg/L) | (meqg/L) | (meq/L) | (meq/L)
471759 -10.59 Low TDS No correction for low TDS 0.545 -0.674 0.241 0.092 0.203 0.008 -0.420 -0.070 -0.167 -0.0176
472286 -10.51 Low TDS No correction for low TDS 0.287 -0.354 0.030 0.052 0.193 0.011 -0.102 -0.033 -0.219 -0.0002
472906 -10.49 Low TDS No correction for low TDS 0.909 -1.123 0.344 0.217 0.287 0.060 -0.659 -0.094 -0.350 -0.0195
472581 -10.44 Low TDS No correction for low TDS 0.297 -0.366 0.028 0.050 0.202 0.016 -0.160 -0.034 -0.172 -0.0006
470271 -10.35 Indeterminate, close to 10% Caution 2.338 -2.877 0.812 0.640 0.811 0.075 -0.979 -0.450 -0.999 -0.4500
470018 -10.34 Indeterminate, close to 10% Caution 2.288 -2.815 0.697 0.813 0.751 0.027 -1.039 -0.350 -0.928 -0.4984
472509 -10.30 Low TDS No correction for low TDS 0.364 -0.448 0.057 0.061 0.226 0.019 -0.158 -0.047 -0.240 -0.0035
474995 -10.29 Indeterminate, close to 10% Caution 10.198 -12.537 6.357 0.942 1.781 1.119 -9.271 -0.020 -2.144 -1.1016
472115 -10.26 Low TDS No correction for low TDS 0.294 -0.362 0.020 0.043 0.217 0.013 -0.074 -0.063 -0.220 -0.0043
470063 -10.23 Indeterminate, close to 10% Caution 2.234 -2.742 1.050 0.552 0.588 0.044 -1.379 -0.223 -0.793 -0.3484
472600 -10.15 Low TDS No correction for low TDS 0.417 -0.511 0.101 0.063 0.235 0.018 -0.178 -0.066 -0.253 -0.0142
472785 -10.11 Low TDS No correction for low TDS 0.402 -0.492 0.070 0.067 0.251 0.015 -0.164 -0.075 -0.253 -0.0005
470602 10.04 Indeterminate, close to 10% Caution 2.098 -1.715 0.808 0.543 0.664 0.083 -0.699 -0.235 -0.635 -0.1455
471031 10.07 Indeterminate, close to 10% Caution 1.665 -1.360 0.755 0.323 0.460 0.127 -0.879 -0.053 -0.407 -0.0206
470652 10.07 Indeterminate, close to 10% Caution 1.584 -1.294 0.467 0.476 0.583 0.058 -0.559 -0.130 -0.491 -0.1140
473800 10.09 Indeterminate, close to 10% Caution 3.087 -2.521 1.645 0.299 0.740 0.403 -1.159 -0.483 -0.784 -0.0948
473632 10.14 Indeterminate, close to 10% Caution 1.912 -1.560 0.845 0.389 0.445 0.233 -0.959 -0.085 -0.443 -0.0734
473583 10.19 Indeterminate, close to 10% Caution 3.002 -2.447 1.615 0.717 0.576 0.094 -1.499 -0.308 -0.640 -0.0002
472939 10.26 Low TDS No correction for low TDS 0.638 -0.519 0.178 0.105 0.328 0.027 -0.194 -0.047 -0.262 -0.0163
473610 10.36 Low TDS No correction for low TDS 1.067 -0.866 0.552 0.190 0.248 0.076 -0.599 -0.047 -0.206 -0.0140
471019 10.42 Indeterminate, close to 10% Caution 1.519 -1.233 0.722 0.344 0.389 0.064 -0.799 -0.070 -0.320 -0.0429
470339 10.44 Indeterminate, close to 10% Caution 4.280 -3.470 1.696 0.935 1.405 0.244 -0.959 -0.477 -1.568 -0.4661
472491 10.47 Indeterminate, close to 10% Caution 1.244 -1.008 0.576 0.280 0.312 0.076 -0.599 -0.085 -0.296 -0.0282
470607 10.55 Indeterminate, close to 10% Caution 2.163 -1.750 0.822 0.570 0.656 0.115 -0.699 -0.269 -0.674 -0.1079
475086 10.66 Indeterminate, close to 10% Caution 12.228 -9.873 5.158 0.892 6.083 0.095 -2.558 -1.278 -6.037 -0.0005
472495 10.71 Low TDS No correction for low TDS 1.140 -0.919 0.495 0.239 0.300 0.106 -0.539 -0.088 -0.273 -0.0189
473921 10.76 Indeterminate, close to 10% Caution 1.443 -1.163 0.249 0.289 0.857 0.048 -0.202 -0.160 -0.801 -0.0002
471295 10.78 Indeterminate, close to 10% Caution 2.053 -1.654 1.202 0.330 0.467 0.054 -1.159 -0.038 -0.453 -0.0040
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Sample Charge Error Action Total Total Ca Mg Na K HCO3 So4 cl NO3

Number | balance cations anions (meq/L) | (meq/L) | (meq/L) | (meqg/L) | (meqg/L) | (meqg/L) | (meq/L) | (meq/L)
471857 10.84 Indeterminate, close to 10% Caution 3.131 -2.518 1.315 0.941 0.787 0.088 -1.479 -0.248 -0.494 -0.2984
471898 10.91 Indeterminate, close to 10% Caution 2.159 -1.734 1.020 0.496 0.571 0.072 -0.859 -0.289 -0.449 -0.1369
470041 10.94 Indeterminate, close to 10% Caution 5.436 -4.364 3.550 0.711 1.047 0.127 -3.217 -0.225 -0.733 -0.1887
473380 11.02 Low TDS No correction for low TDS 0.515 -0.413 0.094 0.103 0.306 0.012 -0.116 -0.020 -0.274 -0.0032
472914 11.14 Indeterminate Caution 1.775 -1.419 0.892 0.326 0.485 0.071 -0.899 -0.097 -0.423 -0.0002
475337 11.15 Low TDS No correction for low TDS 0.306 -0.245 0.031 0.048 0.203 0.024 -0.028 -0.049 -0.166 -0.0018
474171 11.16 Indeterminate Caution 2.528 -2.020 1.334 0.616 0.530 0.047 -1.119 -0.246 -0.578 -0.0774
472909 11.19 Low TDS No correction for low TDS 0.226 -0.180 0.030 0.044 0.142 0.010 -0.044 -0.011 -0.124 -0.0005
472802 11.19 Indeterminate Caution 1.458 -1.165 0.634 0.284 0.354 0.187 -0.679 -0.077 -0.378 -0.0305
470297 11.29 Indeterminate Caution 2.228 -1.775 0.726 0.580 0.845 0.075 -0.699 -0.189 -0.671 -0.2161
474288 11.32 Indeterminate Caution 1.790 -1.426 0.825 0.224 0.696 0.044 -0.256 -0.348 -0.652 -0.1710
470318 11.47 Indeterminate Caution 7.254 -5.761 4.235 1.163 1.802 0.054 -2.997 -0.452 -1.873 -0.4387
473924 11.51 Indeterminate Caution 1.651 -1.311 0.757 0.412 0.463 0.020 -0.679 -0.231 -0.401 -0.0002
474303 11.60 Indeterminate Caution 1.879 -1.488 0.803 0.307 0.672 0.097 -0.719 -0.204 -0.553 -0.0126
473669 11.65 Indeterminate Caution 1.881 -1.488 0.858 0.343 0.348 0.331 -0.779 -0.262 -0.302 -0.1448
473697 11.67 Low TDS No correction for low TDS 1.082 -0.856 0.472 0.200 0.275 0.136 -0.480 -0.074 -0.240 -0.0621
470367 11.79 Indeterminate Caution 4.028 -3.178 1.886 0.958 1.102 0.082 -1.858 -0.212 -0.733 -0.3742
474182 11.81 Indeterminate Caution 1.316 -1.038 0.490 0.282 0.503 0.041 -0.240 -0.281 -0.511 -0.0068
472684 11.81 Indeterminate Caution 1.721 -1.357 0.655 0.379 0.643 0.044 -0.460 -0.179 -0.606 -0.1119
470201 11.85 Indeterminate Caution 3.389 -2.671 1.373 0.924 0.889 0.203 -0.480 -0.537 -1.182 -0.4726
474097 11.86 Indeterminate Caution 6.632 -5.226 4.557 0.498 1.411 0.167 -4.276 -0.516 -0.392 -0.0419
470350 11.91 Indeterminate Caution 5.546 -4.366 2.209 1.825 1.387 0.126 -1.918 -0.433 -1.368 -0.6468
470130 11.97 Indeterminate Caution 2.119 -1.666 0.160 1.141 0.793 0.026 -0.839 -0.077 -0.745 -0.0053
473061 12.02 Indeterminate Caution 1.628 -1.278 0.694 0.364 0.501 0.069 -0.500 -0.174 -0.528 -0.0769
472809 12.03 Indeterminate Caution 2.228 -1.750 0.805 0.654 0.521 0.249 -0.979 -0.159 -0.477 -0.1352
474053 12.08 Indeterminate Caution 5.614 -4.403 4.202 0.415 0.902 0.094 -3.537 -0.454 -0.389 -0.0235
470891 12.20 Indeterminate Caution 1.314 -1.028 0.483 0.344 0.446 0.040 -0.422 -0.112 -0.316 -0.1785
473746 12.25 Indeterminate Caution 3.843 -3.005 2.250 0.853 0.660 0.080 -1.978 -0.287 -0.739 -0.0002

316




Sample Charge Error Action Total Total Ca Mg Na K HCO3 So4 cl NO3

Number | balance cations anions (meq/L) | (meq/L) | (meq/L) | (meqg/L) | (meqg/L) | (meqg/L) | (meq/L) | (meq/L)
473689 12.40 Low TDS No correction for low TDS 1.193 -0.930 0.588 0.156 0.420 0.029 -0.400 -0.082 -0.449 -0.0005
474204 12.45 Low TDS No correction for low TDS 0.364 -0.284 0.049 0.059 0.239 0.018 -0.050 -0.039 -0.195 -0.0002
471318 12.46 Low TDS No correction for low TDS 1.041 -0.811 0.460 0.220 0.257 0.104 -0.519 -0.053 -0.220 -0.0184
472936 12.51 Indeterminate Caution 2.504 -1.949 1.275 0.357 0.705 0.166 -1.239 -0.162 -0.341 -0.2065
470915 12.51 Low TDS No correction for low TDS 0.437 -0.340 0.103 0.057 0.257 0.021 -0.084 -0.021 -0.234 -0.0002
470287 12.52 Indeterminate Caution 1.116 -0.868 0.405 0.185 0.487 0.039 -0.204 -0.072 -0.501 -0.0905
471900 12.56 Indeterminate Caution 4.633 -3.602 2.589 0.963 1.035 0.045 -1.359 -0.414 -1.360 -0.4694
471482 12.60 Indeterminate Caution 2.445 -1.899 0.959 0.623 0.696 0.166 -1.119 -0.203 -0.477 -0.1008
472457 12.60 Indeterminate Caution 1.301 -1.010 0.655 0.241 0.305 0.100 -0.599 -0.096 -0.280 -0.0345
470386 12.72 Indeterminate Caution 6.652 -5.151 0.793 3.742 2.064 0.053 -2.597 -0.414 -2.031 -0.1081
473036 12.80 Indeterminate Caution 1.772 -1.370 0.886 0.380 0.423 0.083 -0.539 -0.164 -0.530 -0.1361
470229 12.80 Indeterminate Caution 4.767 -3.685 1.556 1.506 1.603 0.101 -1.339 -0.433 -1.391 -0.5226
473618 12.84 Low TDS No correction for low TDS 1.271 -0.982 0.542 0.244 0.293 0.191 -0.539 -0.144 -0.243 -0.0553
470505 12.86 Indeterminate Caution 2.721 -2.101 1.093 0.779 0.776 0.074 -0.879 -0.239 -0.618 -0.3645
474283 12.99 Indeterminate Caution 5.702 -4.391 3.009 0.677 1.676 0.340 -3.197 -0.377 -0.654 -0.1629
470354 13.00 Indeterminate Caution 5.460 -4.204 2.580 1.468 1.305 0.107 -2.218 -0.410 -1.114 -0.4613
474610 13.15 Indeterminate Caution 6.105 -4.686 5.278 0.220 0.562 0.045 -4.496 -0.088 -0.077 -0.0252
470721 13.16 Indeterminate Caution 2.306 -1.770 1.072 0.532 0.677 0.024 -0.979 -0.156 -0.474 -0.1606
472494 13.39 Low TDS No correction for low TDS 1.163 -0.889 0.568 0.218 0.291 0.086 -0.539 -0.069 -0.254 -0.0260
470243 13.39 Indeterminate Caution 2921 -2.231 1.093 0.964 0.810 0.054 -0.579 -0.381 -0.937 -0.3339
470323 13.45 Indeterminate Caution 6.775 -5.169 1.225 3.574 1.860 0.116 -2.737 -0.541 -1.642 -0.2484
470370 13.48 Indeterminate Caution 3.764 -2.870 0.596 1.888 1.250 0.029 -1.359 -0.171 -1.334 -0.0055
473654 13.55 Low TDS No correction for low TDS 1.115 -0.849 0.537 0.230 0.316 0.032 -0.242 -0.114 -0.353 -0.1410
473607 13.59 Low TDS No correction for low TDS 0.983 -0.748 0.415 0.194 0.284 0.089 -0.420 -0.059 -0.239 -0.0302
470527 13.62 Indeterminate Caution 1.994 -1.516 1.110 0.391 0.435 0.058 -0.899 -0.112 -0.261 -0.2435
470385 13.65 Indeterminate Caution 6.245 -4.745 1.498 2.906 1.732 0.109 -2.058 -0.454 -1.738 -0.4952
470822 13.79 Indeterminate Caution 2.847 -2.156 1.130 0.692 0.858 0.166 -1.339 -0.207 -0.546 -0.0645
471481 13.86 Low TDS No correction for low TDS 0.621 -0.470 0.185 0.092 0.295 0.048 -0.166 -0.045 -0.241 -0.0173
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Sample Charge Error Action Total Total Ca Mg Na K HCO3 So4 cl NO3

Number | balance cations anions (meq/L) | (meq/L) | (meq/L) | (meqg/L) | (meqg/L) | (meqg/L) | (meq/L) | (meq/L)
473328 13.87 Low TDS No correction for low TDS 0.664 -0.502 0.181 0.119 0.349 0.015 -0.046 -0.075 -0.310 -0.0706
470214 13.89 Alkalinity Caution HCO3 3.498 -2.645 1.657 0.919 0.856 0.066 -0.240 -0.358 -1.145 -0.9016
472741 14.15 Low TDS No correction for low TDS 0.379 -0.285 0.064 0.067 0.238 0.010 -0.046 -0.043 -0.195 -0.0018
474607 14.50 Indeterminate Caution 6.840 -5.108 5.673 0.359 0.745 0.064 -4.755 -0.118 -0.168 -0.0668
470407 14.66 Indeterminate Caution 2.824 -2.102 1.130 0.794 0.822 0.079 -1.039 -0.314 -0.550 -0.1984
473354 14.68 Low TDS No correction for low TDS 0.573 -0.426 0.122 0.109 0.330 0.012 -0.024 -0.061 -0.282 -0.0594
470692 14.68 Indeterminate Caution 6.475 -4.817 2.695 1.355 1.603 0.822 -1.738 -0.595 -2.186 -0.2968
474240 14.71 Alkalinity Caution HCO3 1.582 -1.176 0.649 0.244 0.661 0.029 -0.254 -0.429 -0.454 -0.0395
472331 14.84 Indeterminate Caution 2.065 -1.531 1.002 0.396 0.621 0.046 -0.979 -0.164 -0.316 -0.0719
473211 14.87 Low TDS No correction for low TDS 0.526 -0.390 0.185 0.124 0.202 0.015 -0.080 -0.063 -0.230 -0.0169
470111 15.06 Alkalinity Caution HCO3 4.532 -3.346 0.699 2.232 1.455 0.146 -1.539 -0.191 -1.540 -0.0761
472651 15.24 Indeterminate Caution 2.209 -1.625 0.939 0.579 0.627 0.064 -0.879 -0.227 -0.406 -0.1127
473542 15.52 Indeterminate Caution 5.113 -3.741 3.427 0.892 0.633 0.162 -3.736 -0.001 -0.002 -0.0015
472865 15.59 Alkalinity Caution HCO3 1.504 -1.098 0.519 0.459 0.475 0.051 -0.440 -0.169 -0.395 -0.0948
470136 15.67 Alkalinity Caution HCO3 3.156 -2.301 1.729 0.750 0.589 0.088 -1.279 -0.331 -0.691 -0.0002
473561 15.67 Alkalinity Caution HCO3 2.505 -1.826 0.783 0.613 1.018 0.090 -0.462 -0.221 -0.762 -0.3823
473576 15.72 Indeterminate Caution 2.344 -1.708 1.229 0.583 0.491 0.041 -0.939 -0.244 -0.525 -0.0002
474629 15.79 Indeterminate Caution 6.752 -4.911 3.707 0.995 1.888 0.162 -4.136 -0.304 -0.471 -0.0002
473612 15.80 Low TDS No correction for low TDS 1.373 -0.998 0.595 0.302 0.276 0.201 -0.579 -0.092 -0.239 -0.0879
473435 15.86 Indeterminate Caution 1.860 -1.351 1.064 0.453 0.310 0.034 -0.799 -0.147 -0.291 -0.1139
475287 15.95 Indeterminate Caution 3.158 -2.289 1.160 0.522 1.423 0.053 -0.919 -0.389 -0.934 -0.0473
474943 16.04 Alkalinity Caution HCO3 6.225 -4.504 3.629 0.876 1.595 0.125 -2.258 -0.523 -1.385 -0.3387
470343 16.04 Alkalinity Caution HCO3 3.100 -2.243 0.323 1.680 1.045 0.051 -1.239 -0.120 -0.855 -0.0294
474622 16.41 Indeterminate Caution 2.022 -1.452 0.895 0.288 0.779 0.060 -0.739 -0.217 -0.482 -0.0139
473937 16.48 Alkalinity Caution HCO3 1.463 -1.050 0.487 0.297 0.649 0.030 -0.312 -0.055 -0.683 -0.0002
475160 16.65 Alkalinity Caution HCO3 6.716 -4.799 4.096 1.979 0.531 0.110 -3.477 -0.275 -0.680 -0.3677
470516 16.70 Alkalinity Caution HCO3 2.554 -1.823 0.781 0.907 0.775 0.091 -0.919 -0.153 -0.530 -0.2210
470120 16.88 Alkalinity Caution HCO3 3.598 -2.559 1.055 1.312 1.098 0.133 -1.465 -0.437 -0.516 -0.1405
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Sample Charge Error Action Total Total Ca Mg Na K HCO3 So4 cl NO3

Number | balance cations anions (meq/L) | (meq/L) | (meq/L) | (meqg/L) | (meqg/L) | (meqg/L) | (meq/L) | (meq/L)
470338 16.99 Alkalinity Caution HCO3 3.036 -2.154 0.477 1.501 1.009 0.049 -1.079 -0.159 -0.863 -0.0527
474861 17.01 Alkalinity Caution HCO3 6.246 -4.430 4.612 0.661 0.877 0.097 -2.458 -0.656 -1.089 -0.2274
470357 17.05 Indeterminate Caution 1.958 -1.388 0.597 0.424 0.852 0.085 -0.246 -0.210 -0.666 -0.2661
470324 17.16 Indeterminate Caution 5.038 -3.562 1.265 2.301 1.408 0.064 -1.938 -0.254 -1.196 -0.1742
470506 17.25 Indeterminate Caution 2.160 -1.525 1.058 0.474 0.595 0.033 -0.939 -0.117 -0.333 -0.1361
471217 17.47 Low TDS No correction for low TDS 1.354 -0.951 0.579 0.371 0.367 0.037 -0.440 -0.143 -0.295 -0.0739
470413 17.70 Indeterminate Caution 3.298 -2.306 1.485 0.822 0.837 0.154 -1.419 -0.235 -0.491 -0.1611
473398 17.81 Indeterminate Caution 1.600 -1.117 0.718 0.281 0.552 0.050 -0.739 -0.051 -0.279 -0.0469
471192 17.88 Indeterminate Caution 1.965 -1.369 0.674 0.440 0.797 0.054 -0.739 -0.132 -0.394 -0.1032
471668 18.05 Indeterminate Caution 2.591 -1.799 1.242 0.632 0.601 0.116 -1.239 -0.176 -0.288 -0.0963
470409 18.72 Alkalinity Caution HCO3 2.661 -1.822 1.075 0.726 0.803 0.057 -0.739 -0.231 -0.606 -0.2452
471529 19.01 Indeterminate Caution 2.432 -1.655 1.200 0.407 0.783 0.043 -1.079 -0.069 -0.161 -0.3468
470716 19.11 Indeterminate Caution 1.990 -1.352 0.946 0.482 0.519 0.044 -0.859 -0.104 -0.273 -0.1155
475245 19.26 Alkalinity Caution HCO3 6.007 -4.067 3.606 1.126 1.173 0.102 -2.298 -0.510 -1.236 -0.0234
470153 19.27 Alkalinity Caution HCO3 3.222 -2.181 2.209 0.525 0.463 0.025 -1.259 -0.212 -0.491 -0.2194
473337 19.54 Low TDS No correction for low TDS 0.612 -0.412 0.210 0.099 0.281 0.023 -0.028 -0.077 -0.256 -0.0513
470374 19.96 Indeterminate Caution 2.430 -1.622 0.275 1.287 0.828 0.040 -0.759 -0.128 -0.731 -0.0040
470335 20.12 Indeterminate Caution 2.243 -1.491 0.542 0.897 0.737 0.066 -0.739 -0.165 -0.406 -0.1806
470531 20.21 Alkalinity Caution HCO3 2.308 -1.532 1.249 0.553 0.453 0.054 -0.899 -0.154 -0.258 -0.2210
471992 20.28 Alkalinity Caution HCO3 5.133 -3.402 3.102 1.079 0.904 0.048 -1.978 -0.310 -0.858 -0.2565
470143 20.37 Alkalinity Caution HCO3 3.721 -2.461 1.547 0.935 1.149 0.091 -0.725 -0.999 -0.635 -0.1019
474681 20.41 Indeterminate Caution 3.553 -2.348 1.782 0.611 1.053 0.107 -2.058 -0.089 -0.201 -0.0005
473765 20.50 Alkalinity Caution HCO3 4.866 -3.210 3.571 0.534 0.532 0.228 -2.358 -0.098 -0.714 -0.0403
470090 20.54 Alkalinity Caution HCO3 5.991 -3.949 4.320 0.674 0.893 0.104 -2.378 -0.339 -1.066 -0.1661
470442 20.58 Alkalinity Caution HCO3 2.441 -1.608 0.876 0.741 0.763 0.061 -0.519 -0.404 -0.528 -0.1569
470286 20.91 Low TDS No correction for low TDS 0.905 -0.592 0.316 0.136 0.429 0.025 -0.128 -0.047 -0.415 -0.0030
470348 20.94 Alkalinity Caution HCO3 4.634 -3.029 1.965 1.101 1.458 0.109 -1.459 -0.289 -1.159 -0.1216
473606 22.16 Alkalinity Caution HCO3 2.237 -1.426 1.192 0.579 0.433 0.034 -0.879 -0.148 -0.347 -0.0515
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Sample Charge Error Action Total Total Ca Mg Na K HCO3 So4 cl NO3

Number | balance cations anions (meq/L) | (meq/L) | (meq/L) | (meqg/L) | (meqg/L) | (meqg/L) | (meq/L) | (meq/L)
474993 22.27 Indeterminate Caution 6.016 -3.825 5.002 0.390 0.543 0.081 -2.897 -0.346 -0.559 -0.0237
470446 22.36 Low TDS No correction for low TDS 1.576 -1.000 0.863 0.352 0.302 0.059 -0.999 -0.001 -0.001 -0.0002
473485 22.54 Indeterminate Caution 1.608 -1.020 0.570 0.298 0.684 0.056 -0.332 -0.125 -0.437 -0.1258
471344 22.59 Low TDS No correction for low TDS 1.499 -0.947 0.534 0.240 0.673 0.053 -0.523 -0.066 -0.293 -0.0644
470166 22.81 Low TDS No correction for low TDS 1.163 -0.731 0.117 0.195 0.829 0.023 -0.124 -0.092 -0.502 -0.0135
475376 23.38 Indeterminate Caution 5.979 -3.718 3.935 0.774 0.942 0.328 -3.716 -0.001 -0.001 -0.0002
472981 23.41 Indeterminate Caution 3.942 -2.447 2.231 0.879 0.771 0.061 -1.179 -0.319 -0.725 -0.2242
470733 23.55 Indeterminate Caution 3.321 -2.055 1.267 0.783 0.955 0.315 -1.149 -0.112 -0.480 -0.3145
473908 23.57 Alkalinity Caution HCO3 1.990 -1.231 0.510 0.323 1.095 0.063 -0.020 -0.185 -1.021 -0.0044
473708 23.67 Alkalinity Caution HCO3 3.336 -2.059 2.229 0.314 0.479 0.315 -1.019 -0.248 -0.688 -0.1042
473166 24.97 Alkalinity Caution HCO3 3.300 -1.981 1.720 0.674 0.677 0.229 -0.334 -0.258 -0.829 -0.5597
470124 25.10 Alkalinity Caution HCO3 2.188 -1.310 0.844 0.412 0.872 0.060 -0.318 -0.190 -0.544 -0.2581
470383 25.29 Alkalinity Caution HCO3 3.009 -1.794 1.480 0.664 0.805 0.060 -1.279 -0.081 -0.278 -0.1565
470108 26.04 Alkalinity Caution HCO3 2.347 -1.377 0.912 0.372 0.970 0.093 -0.220 -0.194 -0.657 -0.3065
473486 26.30 Low TDS No correction for low TDS 1.399 -0.821 0.750 0.285 0.311 0.053 -0.819 -0.001 -0.001 -0.0002
474291 26.45 Alkalinity Caution HCO3 4.729 -2.750 3.577 0.350 0.687 0.114 -1.598 -0.485 -0.652 -0.0152
470662 26.63 Alkalinity Caution HCO3 2.349 -1.361 0.886 0.657 0.752 0.055 -0.573 -0.185 -0.465 -0.1373
470536 26.93 Indeterminate Caution 3.032 -1.745 1.139 0.899 0.906 0.088 -1.119 -0.163 -0.353 -0.1105
474948 28.09 Alkalinity Caution HCO3 4.386 -2.463 3.793 0.190 0.374 0.031 -1.818 -0.231 -0.372 -0.0411
474155 29.08 Low TDS No correction for low TDS 0.996 -0.548 0.364 0.237 0.384 0.011 -0.150 -0.028 -0.370 -0.0002
470904 29.44 Alkalinity Caution HCO3 3.314 -1.807 1.548 0.653 0.928 0.185 -0.136 -0.329 -1.032 -0.3100
471336 29.85 Alkalinity Caution HCO3 2.077 -1.122 1.242 0.340 0.459 0.036 -0.440 -0.142 -0.449 -0.0916
471754 30.20 Alkalinity Caution HCO3 3.007 -1.612 1.765 0.566 0.591 0.085 -0.478 -0.273 -0.592 -0.2694
470980 30.27 Indeterminate Caution 2.753 -1.475 0.500 0.356 1.763 0.134 -0.440 -0.001 -0.935 -0.0995
470421 30.81 Low TDS No correction for low TDS 1.809 -0.957 0.591 0.408 0.762 0.048 -0.390 -0.080 -0.370 -0.1176
470444 | 30.85 Sulphate Ca“t;‘:t‘a'if;:;rfg"ws 5499 | -2.908 | 2.905 0.694 1.765 0.135 0228 | 0001 | -2.457 | -0.2226
472359 3141 Low TDS No correction for low TDS 1.203 -0.628 0.661 0.175 0.346 0.021 -0.056 -0.128 -0.389 -0.0550
471405 32.27 Alkalinity Caution HCO3 2.792 -1.430 1.464 0.645 0.614 0.069 -0.939 -0.092 -0.222 -0.1758
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Sample Charge Error Action Total Total Ca Mg Na K HCO3 So4 cl NO3

Number | balance cations anions (meq/L) | (meq/L) | (meq/L) | (meqg/L) | (meqg/L) | (meqg/L) | (meq/L) | (meq/L)
470777 32.96 Anions Caution anions 2.768 -1.400 1.542 0.544 0.636 0.045 -1.399 -0.001 -0.001 -0.0002
471779 33.80 Alkalinity Caution HCO3 2.193 -1.085 1.269 0.393 0.508 0.024 -0.208 -0.200 -0.474 -0.2032
471150 34.18 Alkalinity Caution HCO3 2.233 -1.096 0.789 0.915 0.491 0.039 -0.893 -0.039 -0.078 -0.0853
470443 34.65 Alkalinity Caution HCO3 2.781 -1.350 0.978 0.890 0.837 0.076 -0.466 -0.450 -0.355 -0.0792
470701 35.18 Low TDS No correction for low TDS 1.214 -0.582 0.326 0.228 0.602 0.058 -0.210 -0.085 -0.235 -0.0519
470241 36.41 Indeterminate Caution 2.555 -1.191 0.863 0.761 0.875 0.056 -0.629 -0.177 -0.319 -0.0658
470541 36.46 Indeterminate Caution 2.351 -1.095 0.937 0.675 0.687 0.052 -0.759 -0.095 -0.157 -0.0842
470484 36.56 Alkalinity Caution HCO3 2.881 -1.338 0.740 0.729 1.292 0.120 -0.258 -0.212 -0.615 -0.2532
470356 40.71 Alkalinity Caution HCO3 9.720 -4.096 6.616 1.178 1.705 0.221 -1.558 -0.441 -1.701 -0.3952
470486 40.92 Low TDS No correction for low TDS 1.309 -0.549 0.447 0.184 0.617 0.062 -0.312 -0.040 -0.169 -0.0282
473736 52.33 Alkalinity Caution HCO3 3.822 -1.197 2.806 0.381 0.465 0.170 -0.202 -0.377 -0.618 -0.0002
470778 59.64 Low TDS No correction for low TDS 1.664 -0.425 0.673 0.412 0.532 0.047 -0.424 -0.001 -0.001 -0.0002
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Appendix 8 Provisional geochemical images

The following pages present provisional geochemical images of the 2012 and 2013 data. Where
available these include the Tamar catchment data.

322



Provisional Geochemical Image

200000

150000

L [ 1
T BGdon © =7 i 7 wain 4P BA\S SN Suffolk Coast
Stream Water g gt o1 e
Vo e

Landavery 4

fvumm Carg
=
Jw_%ma °\
Stow-or

Tamar Catchment

Al (ug/L)
B 273 - 1.800
B s o2
B o7.4- 150
[ s05-973
[]157-304
[ 719-156
[s04-7.18
[ 3.92-5.03
B 259 - 391
B <25

P Neath

S |

[z

D
Wantago

S=ISOUTHEND-ON-SEA
Y ity

o~
£ s S
hippenham “icilc
aine ey

MNorthWes
hram MO bCSSF

i %\ Ba
BRIST, T
7oL -
T

I\LZ R cheddar,
F i %, 9

Haye,

4 L

v 7 Salbury
& Warminster', Flo0 )
&

S
&7

Welig

/A cogaiming
[Surrey Hills

¥,

S ]l
'& Blackdoun

M
Cullompton

100000

50000

alAme
Sowton Reqs

oo

Abbotsbury 4
tyme Bay 7, . &0 z.
chiciars™NPeymouth Ly e
P statses o i
Foruneswelf, 4 WA AND MAID O AL
Mot ReES)
7]

ENGLISH CHANNEL

01020 40 60 80 100
| B § I I KM

T T T T T T
150000 250000 350000 450000 550000 650000

323



100000 150000 200000

50000

Provisional Geochemical Image

Suffolk Coast
and Heaths

N & I pCardign 3| % > 2 T y 2 = N _’;M % S AT ey "--, Ip-wkh e \

Stream Water i § B PO ol

Tamar Catchment

As (ug/L)

Bl - 160 .

___EERE > B oo tre SANES G Yo Sy s MEC S s WY TG e e Al

Bl 2044 o N e CRaT? il n IDON - RS oo

] 14-28 Lot | : - O QU » : SR e

[ Joeo-13 : ; j iz & . .

[ 043-068 e s / i .i,; °N7 Hi S O e ey = i iy 2 g ey S
Lundy. 34 T R s "_ in & 1 - i @) y e 2 >

[ Jos4-042 v ¥ 3 m#’ .‘ e ST s nel AT

-03-0.33 C ol W g » » ’ L) T

B 023- 029

B <2

Cornwati 4l
o,
Tinaget

N ?

Selsn ,,,,,,
g b vr’m-ll\ S

LE OF Wi
SO ISLE OF WIGHT

Commwall

", .‘" souoe s ENGLISH CHANNEL

Land's
End

s
|y ean

01020 40 60 80 100
| B § I I KM

Commally g 7
o

tizard Poa’

T T T T T T
150000 250000 350000 450000 550000 650000

324



100000 150000 200000

50000

Provisional Geochemical Image

Stream Water

B (ug/L)

B 2i2- 1110
B o211
B s46-795
[ 31.1-545
[ ]199-31
[ 139-108
[ J109-138
I ss- 108
Bl csi-s70
B s

Tamar Catchment B

T

b Cardigan
%8

'chlt:szle y
Ermbin,
b3 N Uandavery

A forg

i

Burnha- | LudgeEhol >
\nde

55

oo |
linbend  teigwater oy PIfE

idafov By 5
Northanf ¥,

e :.
A puddicton
4

fiotse e 2
e N Foveymonn R oo

—
5 [ tiont
)
o

StAS o
A

o

oy =%
Sakiny * . e

South Devon oy
e

Rigbury¥

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

AN

S

Jrdnton-on-sea

&
Clacton-on-Sea
st Mo

on Crouch

on-Sea

KouTHEND-ON-sEA
Taked Thames s

Suffolk Coast
and Heaths

T
150000

T T T T
250000 350000 450000 550000

325

T
650000



Provisional Geochemical Image

200000
1

150000
1

1 L 1
N\ by Cardigan % - BT 7 3 & .Au-‘ F'(T‘ﬁ:\ B ";‘Mw 3 Shverstonegh N\ Ipswich\iGh 1\ SR
. Py - Maherefbits A EveshamP. o) - e Y b LT A and Heaths
Stream Water ey el C s N G ool =
aeel i) ) ERes 4 Gate
) e \] s
Tamar Catchment " o

Ba (pg/L)

B 176 - c61
-5
B 450-742
[ 19.9-458
[Joo1-108
[a6a-9
[ ]342-463
B 279341
Bl 25278
B -2

a
Gower s

%S0
ety
Sy

Bl =

A cosiming
fsurrey Hills

(=}
(=3
==
=3 Cormwall
=] Boscsl b @
= 3 ol
) uit;x!‘n“ ey Moot R
chickers TN Weymouth
— - Y T
S G
S m.w;..‘g\
(=}
w0
ENGLISH CHANNEL
s
= g 01020 40 60 80 100
NN s s km
(=]

South WoodMm _southlinster
)

on Crouch
Fouiness it

& southiget’on Sea

S JSOUTHEND-OMN-SEA

Y oymcharch

How Romacy

d
‘Oungeness

T
150000

T T
250000 350000

326

T
450000

T
550000

T
650000



100000 150000 200000

50000

Provisional Geochemical Image

Stream Water

Tamar Catchment |
Be (pglL)

B o -2

B 022039
[ 0.096 - 0.21
[ 0.025 - 0.095
[] 0.0099 - 0.024
[ 0.0037 - 0.0098
[ 0.0021-0.0038
[ 0.0014 - 0.002
B 000064 - 0.0013
I <0.00063

Comwall

st Just S

Land's @)
e N

b Cardigan

T, b

Newbstle

Embo, 2] Uandévery )

A forg

i

ormwall

%8

T

- Phnyg,

Hineboad  eidgwater iy

Burhaf

tyme Bay

m
o Caine et

NorthWesspr
/" Dot

LudgeBh
\nd

p s o
Fortunesel ey
[ tiont S

Pttt
i

T

s
ISHIREY Wiitch
sy & over
 Warminstar 12 A
&
S
<

ey,

ol

e

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

Siverstone g

=

,‘f .
£ Mitton

Ao Keynes/

innt

N3

S w
ume;my
The eyl
nglord__Bes

NIGHT

OF Wi
WIGHT

rd

G
/S copiming

fsarrey Fills

Ipswich (= V\S\ Sufolk Cosst
o

o and Heaths

Jrdnton-on-sea

&
Clacton-on-Sea

st Mo

N
tbinster =
s on-Crouch
gt on Sea
SIouTHEND ON-SER
Tlang Thamas

AT
P
B an Hastings
Pnir S 5

T
150000

T
250000

327

T
350000

T
450000

T T
550000 650000



Provisional Geochemical Image

Stream Water

Br (mg/L)

B o411-633
B 021041
[ o.167 - 0.209
[ o.119-0.166
[Jo.osos-0.118
[ 0.0543 - 0.0807

200000
1

150000
1

Tamar Catchment B

T

b Cardigan

'chlt:szle ¥R y
Ermbin,
b3 N Uandavery

A forg

i

over.

g ury
torboge |
Y:‘““"i‘?:"‘w%h ;

[ o.0416-0.0542 “a

[ 0.0331-00415 - o, s v

B 00221 -0033 W‘:.”E Ar® ¥ o

-<o.022 L RS (A S adioslo
8 Bude] - 3 g\l”u’m(m e - 4
g7 ol
e rll\l;‘;::n‘

MW’;KN’N
Weymouth
Forunemwe! Nlﬂam’
3 b,
Ol 5y
=g o$ tﬂd i
w0 ST
ENGLISH CHANNEL
S
Mullior
- P 01020 40 60 80 100
NN s s km

(=]

N Suffolk Coast

and Heaths

S

Jrdnton-on-sea

&
Clacton-on-Sea

O s Mo,

on Crouch

on-sea
KouTHEND-ON-SEA
Tibea] Thames £

T
150000

T T T T
250000 350000 450000 550000

328

T
650000



100000 150000 200000

50000

Provisional Geochemical Image

Stream Water

b Cardigan

Newkzstle
Embo,

Tamar Catchment |-
Ca (mg/L)
B 42312
| RIERRLE
B so3- 112
[ s85- 802
[]196-384
[ 121-195
[ Js4s-12
[ 567-845
B 229566
B <22

Cornwali g
Sorcant
Timage

Port tsanc

Whvtsand

Pilperro ' i

%8

T

Uandavery £

A forg

i

Avbotsbe o
P ¥ 'Weymouth

—
5 [ tiont
)
o

Lyme Bay
Prosgnmouth
~ "
£ ATorquay
| TORBAY
ton

s
7
o

fmouth

G ury
o rb-' = /
R

over.

e Oy g

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

BN

« w
gy
&

N Suffolk Coast

S and Heaths

Jrdnton-on-sea

&
S Clacton-on-Sea

st Mo

on Crouch

on-sea
EHouTHEND-ON-SER
Tibea] Thames £

g Folkestone

T
150000

T
250000

T
350000

329

T T
450000 550000

T
650000



100000 150000 200000

50000

Provisional Geochemical Image

Stream Water

——— Tamar Catchment 8
Cd (ug/L)

B o34-59
I 0068 -0.33
I 0.042-0.067
[ 0.023-0.041
[Joo12-0022
[ 0.0057 - 0.011
[ 0.0037 - 0.0056
[ 0.0026 - 0.0036
B 00014 - 0.0025
B <0.0014

|y e

ard
Lizard Porat™

Cornwall
Boscasil
Tiaget

e agisey

b Cardigan

Newkzstle
Embo,

[
Polperro

waly §
lanelll

v 'y “ % &
A T

)
LudgeBhol
el

=5

limnsihs
=

o
) E d
/ LA ‘&‘,‘A. ~

o ADDOSD
Lyme Bay 3
ChickeraN

—
5 [ tiont
)
o

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

«w. Romney

fochelses — Dungeness

T
150000

T
250000

T T T
350000 450000 550000

330

T
650000



100000 150000 200000

50000

Provisional Geochemical Image

Stream Water

Ce (uglL)

B 2177 -17.048
Bl 0643 -2.176
I 0389 - 0.642
[ o.165 - 0.388
[Jooss-o0.164
[ 0.022-0.057
[ Joo13-0.021
[ 0.009 - 0.012
I o005 - 0.008
B <0.005

——— Tamar Catchment

Mullior
Commwal
tizard Porat

b Cardigan

Newkzstle
Embo,

waly §
lanelll

by %_v».
sy S

)
LudgeBhol
el

=5

lifracom Moo’ BB

—
5 [ tiont
)
o

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

5

O

=7

3 South WoodMm _Southy
Ferrers

q =

T
150000

T T T
250000 350000 450000

331

T
550000

T
650000



100000 150000 200000

50000

Provisional Geochemical Image

Stream Water

Cl (mg/L)
B 10- 1350
B ss5- 100
I 45.4- 58.4
[ 32-453
[]22-319
[ 159-219
[ ]126-158
B 10.7-125
Bl sis- 106
B <:c

Tamar Catchment B

T

b Cardigan
%8

'chlt:szle y
Ermbin,
b3 N Uandavery

A forg

i

Burhaf

oo |
Aeidgwater iy Pl

ihen
) Qo o

T
‘v

M {

by

e

2 &

™
=t ol
e e

Abbotsbur o
chickers N Pweymouth
Forunesweld,

Pttt

i

G ury
o rb-' = /
R

over.

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

=Hour
Tlang Thamas

Hamst/e gt

AN

S

Jrdnton-on-sea

&
Clacton-on-Sea

st Mo

on Crouch

on-Sea
HEND-OM-SEA

ythe.

y@' G

(ow Romncy

Suffolk Coast
and Heaths

T
150000

T
250000

T
350000

332

T T
450000 550000

T
650000




100000 150000 200000

50000

Provisional Geochemical Image

Cardigan % erstone ¢
7 ig: B Shverst Suffolk Coast

and Heaths

Stream Water P
Tamar Catchment | c'"i'lmll i

St Clears 20
s

Co (uglL)

| EER

| R : Aty M I yef e ’. w*";*'\»- B, I
e TN SRR x 7 oo
[ 045-1 SREE iFE oy 5
[Jo19-044
[ 0.09-0.18 sk, |
B B

ﬂm.-..mq
farrey Hits

* | Neasalie:
- Won . Bridgwater,
<\Quintock
S\ Hils

[ ]ooss-0.089 L X
[ 0.05-0.062 .
B o035-0.040
B <0035

Carnwallg

Ilumr.il 3

% ISLE OF WIGHT
scnemes |SLE OF WIGHT

p sosoems o
Fortunesel i
[ tiont S w

Pttt
i

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

T T T T T T
150000 250000 350000 450000 550000 650000

333



100000 150000 200000

50000

Provisional Geochemical Image

Tamar Catchment

Cr (ug/L)

B s-s
B oss-15
I 0.44-0.64
[ 0.25-0.43
[Jo16-0.24
[ 0.089-0.15
[ o.o0es-0.088
[ 0.053-0.085
B o033-0052
B <0033

Embjo,

Commwail

Stiustf

Uandavery 4

Lynton, -
wq."‘" = BB ncbend

Burhaf

S0
Gthery
SR

Bl =

X
\'Juk.n wq’_mt" @' &

onneswelf]
5 [ tiont
Pttt
(]

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

it

1 [ i

- b Cardigan — WJ .41',7.‘ r‘:(:‘:}\(n L Sherstone gl “\ B #..wm. G X R b o

Stream Water et o Gy S\ B %
 raly r'm:"

S

N
South Woodm _southalinster
Feers 9 -
o Crouch
ouinces et
@ southat on-Sea
 JSOUTHEND-ON-SEA
S0e Margate
Worth Feetand
0
@ ¢y Brosdstairs

T
150000

T
250000

T
350000

334

T T
450000 550000

T
650000



100000 150000 200000

50000

Provisional Geochemical Image

Stream Water

Tamar Catchment
Cs (uglL)
s

B 0so-26
B o52-0.88
[ 02-051
[Joo31-019
[ 0.0084 - 0.03
[ 0.0049 - 0.0083
[ 0.0034 - 0.0048
B 00021 -0.0033
B <0 .0021

&
Perranporthy

seagaes
iph

Comwall

Stust

Land's
S End

) o
|y ocen

i
== tizard Porat’

- (o)

Sumble ™, pes by Cardigan
Head,

%8
Uandavery 4

Carmarthen
StClears_pom

Monmouth I

o2
l I-wu lafyavin, 3 ! Wiz [
G -~-*w ' T fogind) | ! < j & 5 i : =4
| 5 3
& %)
The e
fiingiont, _Bes
A
TS Kdm & X ) C G A sgh =¥ . i b X ? 5 Heme Margate North Foretar
e, > ‘r‘ o %% S S o ¥ A : W Bay ~ il
d bl Broadstairs.
msgate
Hayg,
VEL Burnha

Lundy a Hinehead  cidgwater By
Barmitaple

tidafovi
Poymctarch

Kow Romacy

nchelses — Dungeness

itiehampton
gnot

PR =) \,\ 24
ey Ao f: = L QWY rmbn Qe A
b O o age Isie of
et INg Weymouth ; £ OF WIGHT
Fortunesweil) R Sl \SLE OF WIGHT
Portland

L

Hevagisey

Commwall

ENGLISH CHANNEL

01020 40 60 80 100
| B § R I km

T
150000

T T T T T
250000 350000 450000 550000 650000

335



100000 150000 200000

50000

Provisional Geochemical Image

Stream Water

Tamar Catchme
Cu (uglL)
B - 420
e
Bl s
[ 16-26
[Joss-15
[ o51-087
[ Josr-o0s
B 03-036
B o21-029
B -

nt

Uandavery 4

by Cardigan % BT 7 3 2% r'(:'f{\‘ﬂ ";‘MM 3 Sherstonegh &
" o Pumsaint ) r MalverrgHills (\A"Evesham jer/! - ek S
Newlaan W {4 \“] > E S i
b, xY S i Miton
¥ . Mo J) g Keynes)
o o o o
& e-Wold )
e

£ Goaiming
fsurrey Hills

y 50
%S0
: 2 Ginery

Hartand Point . A W -

P4 LangoieR=A172 inchaster ',

lah Pelersfield

Permanporthy "_‘

stagoes L8

W
st

Stives

commwall £ ~¢

i Mullion
|y ean

== tizard Porat’

*

el

Newhaver
Lyme Bay

—
5 [ tiont
)
o

Haamouth

ol i
N * > - R e
g Tu‘ Wt 8 a 3
78

7 By
2 Srart Point

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

Ipswich N3
T

e

gt souh Woodm _Southlinster
Ferer 9

on Crouch
Fouiness it

& southiget’on Sea

S JSOUTHEND-OMN-SEA

R Sufolk Cosst

and Heaths

T
150000

T T T T
250000 350000 450000 550000

336

T
650000




100000 150000 200000

50000

Provisional Geochemical Image

b Cardigan

DOC (mglL)
B 54108
B :-ss
P ss6- 110
[ 5.32- 885
[]321-531
[ 1.87-32
[ ]139-186
I 1.19-1.38
B ooc2-1.18
B <0962

Stream Water i § 7B e

Tamar Catchment B

Newkzstle

Commwall o8 <\

St Just

Land's
S End

Mullion
Commwail Al
tizard Porat’

Newaquay,

Pertanporth
sepgnes 48
it

»

Szard

;
‘-‘vb
Uandavery 4

Fumsaint )

e MEARE L : Siverstonegh N\ W,
P M\ 3 PN
\ A 3 e HPn
3 doe X ifbines) J o Keynes)
.wa ¥

Burhaf

Tl e S 7 Sofstory \ ; :
; s s

A

arroy Hills

%S
Gt
o

2 i
st ]

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

Y Suffolk Coast
nd Heaths

Ipswich\(=3
9V

S

N
South Woodm _southalinster
Feers 9 -
o Crouch
ouinces et
@ southat on-Sea
 JSOUTHEND-ON-SEA

T
150000

T
250000

T T
350000 450000

337

T
550000

T
650000



Provisional Geochemical Image

1
N Suffolk Coast

and Heaths

b Cardigan

T

S

100000 150000 200000

50000

%8

Stream Water i Uil

Dy (ug/L) o ' | : ; : ‘ ‘ i

s U : rs_J R &/ unecoN seicons | ; > ) Lo 4 Lot g 0p Greit L 4 o Viittongorcon
I 02697 - 1.4325 | e o ¥ (Nt g M ST e, e & SN ) e LN Funonsn
B 4 i ¥ ) m s W e U " g Y o ) m : D Sl A g it es
o . AT Y g

i

B o.1116 - 0.2696 ; W e ] : N
L YN ~NO P \ : Z e v Y I ! o 0ngatP =
: ) ] g v j o 5 b e Y g o
B 00761 -0.1115 Ao R B a7 ¥ i FT e B S e R -
o » | & iy Jowes 7 i oot = e i e 2 Sou fon:
[ 0.0389-0.076 P\ R & Ay ST S o | R o
Ry : G o : X S e T Nt B v
[Joo153-0.0388 ,
I wk .
[ 0.0057 - 0.0152 : o
BRISTO, i o | L%. J
0.0037 - 0.0056 R e B>

o R Gy 3 PG o S
[ 0.0028 - 0.0036 e oo B *:“l"l By o o

B 00019 - 0.0027 : P Phsont
Hortand pein ? JAI

Bl 00019 il e

e Romney

o!
. Lydd
fochelsen — Dungeness

i
enampton
A yme ?
Sowton  Regs A

o, AbDOSDU
Lyme Bay

—
5 [ tiont
)
o

ENGLISH CHANNEL

el 01020 40 60 80 100
e — —

T T T T T T
150000 250000 350000 450000 550000 650000

338



100000 150000 200000

50000

Provisional Geochemical Image

Stream Water
Er (ug/L)

B 0.1491-08172
B 00557 -0.149 |-
I 0.0462 - 0.0686
[ 0.0228 - 0.0461
[ 0.0093 - 0.0227
[ 0.004 - 0.0092
[ 0.0027 - 0.0039
[ 0.0021 - 0.0026
B 00015 - 0.002
Bl 00015

—

2

b Cardigan

Newkzstle
Embo,

;
W
Uandavery £

A forg

i

v

oo |
tinebead  Aridgwater oy PIF

ehery
£ CoppR=tth,
7 AN

—
5 [ tiont
)
o

fover

3 ury
R

ENGLISH CHANNEL

Suffolk Coast
and Heaths

S
Ly o o 01020 40 60 80 100
EN N s . km
1 T 1 L T 1
150000 250000 350000 450000 550000 650000

339



100000 150000 200000

50000

Provisional Geochemical Image

Eu (ug/L)

B <0.0005

Stream Water

I 0.0855 - 0.4498
B 0.0304 - 0.0854 |-
I 0.0204 - 0.0303
[ 0.0105 - 0.0203
[T o.0048-0.0104
[ 0.0018 - 0.0047
[ 0.0011-0.0017
[ 0.0008 - 0.001

I 0.0005 - 0.0007

by Cardigan g

'chlt:szle ¥R y
Ermbin,
b3 N Uandavery

A forg

i

v

over.

g ury
torboge |
L
f““"i‘?:'lw%h ;

)2
ki

&
‘&”‘ agh BT

PR

oo |
pinebead  Aridgwater oy PIF

?’/;},

s Mo 7

Gthery
artr

2 G
4

stiusc N

Land's
S End

Commwal

Lizard Porat™

Se
'(Ig )
chiciars™N\Preymouth

—
5 [ tiont
)
o

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

N Suffolk Coast

S and Heaths

Jrdnton-on-sea

&
S Clacton-on-Sea
W

N
on Crouch
‘on-sea
EHouTHEND-ON-SER
Tlang Thamas
. Golry  Sheerness.
o o o Shepoey.
™ Nchuach
S Vy ble,
o i

)
s

2

T
150000

T T T T
250000 350000 450000 550000

340

T
650000



Provisional Geochemical Image

1
rhgp=
Stream Water el
Tamar Catchment |,
F (mglL) Ly
(= S B
§_ B 0355 -2.34 ol b N
S || MM 01970354 N s 0
on-Sea
[ 0.145-0.196 s Sy on s
FE e e
[ 0.0931-0.144
- [ ] o.0s62-0093
S || 0.0353 - 0.0561 4.;\0 L
(=] Lundy Bdor
© || 0.0269 - 0.0352 4 -
[ 0.0225 - 0.0268 s
go” T o/ 8P
B 00158 - 0.0224 Y i 75 S
s s
o || <0.0157 £ ;
3 s -
8 i Cornwall, 2 \"s
- el v
= . ' 3 L SLE OF WIGHT
o
o
O -
o
wn
ENGLISH CHANNEL
S
v oex” 01020 40 60 80 100
| B B — T km
< 1 I I I 1 I
150000 250000 350000 450000 550000 650000

341



100000 150000 200000

50000

Provisional Geochemical Image

B 2920 - 55,000
B 080 -2.910
B 742- 1,070
[ 364 - 741
[]129-363
[ 37-128
[ J212-369
I 143-211
B sos- 142
B <2

Stream Water

Tamar Catchment

Fe (ug/L)

Nowauay, ¢

Pervanporth,

Commwall

5t Just NS

tand's
End \

by Cardigan g
Ay Pumsaint )

Newdastle ¥R ) Y

mbjo, - l
i 3 Uandavery 4

Burhaf

Taunt P
suntonz
) e o

g

Y Des
% tyme Boy

Asist

Pttt
i

Waterrfbits AN veshamPL Y Earicd A .

Siverstone,

I MEAR

—~
\ O

=

7 St o
Fortunesel i
[ tiont S

ENGLISH CHANNEL

." i
& o
> o Keynes)

£ Goaiming
fsurrey Hills

01020 40 60 80 100
AN W maamkm

R Sufolk Cosst

Ipswich N3
T and Heaths

S

N
South Woodm _southalinster
Feers 9 -
o Crouch
ouinces et
@ southat on-Sea
 JSOUTHEND-ON-SEA

T
150000

T
250000

342

T
350000

T
450000

T
550000

T
650000



100000 150000 200000

50000

Provisional Geochemical Image

Stream Water
Gd (ug/L)

B 0375 - 1.999

B o.103-0.145
[ 0.055-0.102
[Jo.024-0.054
[ 0.009 - 0.023
[ 0.005 - 0.008
[ 0.004 - 0.004
I 0.002 - 0.003
B <0002

B 01650574 |

b Cardigan % g
)

Newdastle g
e, Uandavery £

Fumsaint )

IV SIEAR

Asist \

—
Malverrgits ANEvesham

=

Burhaf
SO o

sticon”

Taunton 5 4

o g Lyme
Soon Regs
T

Lyne oy Moo Q -
chickers ™\ Pweymouth

—
5 [ tiont
)
o

StAoS o
A

P
Pier B (3 5
e Llon

s I

£ Goaiming
fsurrey Hills

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

o s I
§f Weaid g W 'mm@
ol borovgh

R Sufolk Cosst

and Heaths

Ipswich N3
T

S

N
Jo south Woodm _southilinster
Feres 9 -
on Crouch
hovincs it
2 southeaton Sea
=ICOUTHEND-OM-SEA

Ve

T
150000

T
250000

T
350000

343

T T
450000 550000

T
650000



Provisional Geochemical Image

100000 150000 200000
1 1

50000
1

Stream Water

— Tamar Catchment
HCO; (mglL)
B 0s-773
B 316 - <05
I 269-315
[ 134 - 268
[Jes1-133
[ a7.1-e6
[CJ231-37
I 15.1-23
B soi-15
B o316

Pertanportt f S ¥

e 4 -

Mullongy B

()
tizara ot

b Cardigan

Newtastls”

Can
Boscasle
Tintagel

tidafovi B

—Gipis Y PN
G z

STAEN

s Q9
s’

thineboad  feidgwater By

Northary

Wight

A ISLEO
FomnesneiB) spsa e |SLE OF

Pttt
¢

ENGLISH CHANNEL

F WIGHT

WIGHT

* Y
W
o Saffron Walden

01020 40 60 80 100

| B § R I km

Y ? P ey P Folixstowe
Colthestet 5, " ga SeN
& > Py e aze

inster

r-on Crouch
Fouiness ot

d’on Sea

D-OM-SEA

Hame
church B ez

T
150000

T T T
250000 350000 450000

344

T
550000

T
650000



100000

50000

Provisional Geochemical Image

200000
1

150000
1

Stream Water
Ho (ug/L)

I 0.0535 - 0.2844
B 0.0236 - 0.0534 |-
B o0.0161-00235
[ 0.008-0.016
[ 0.0033-0.0079
[ 0.0014 - 0.0032
[ 0.0009 - 0.0013
[ 0.0007 - 0.0008
I 0.0005 - 0.0006
B <0.0005

Pervanport

tizard Porat’

commiy o7, *°
o

i

ad

b Cardigan

New!

Ll

Embjo,

umdya

Hortland Peint,

Bude s

Carnwall:”

2§

tidafovd By
Northary

T

%8
Uandavery £

A forg

i

v

oo |
tinebead  Aeidgwater oy PIF

e
1 W/@muw
7 AN

p
Qr (2>
chickers ™\ Pweymouth

—
5 [ tiont
)
o

G ury
wa-' = /
A
A

over.
> JPcosiming

C o] arrep s

y,
T sateiah

o

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

B o

i

OUTHEND-OMN-SEA

focheises

et

ilsham

Y-

Piastings

Suffolk Coast
and Heaths

T
150000

T
250000

T
350000

345

T T
450000 550000

T
650000



100000 150000 200000

50000

Provisional Geochemical Image

Stream Water

Uandavery .

i § i & BN(O"" Ste 2;3{ e Haeh
¢ (N " i / ey ow-onk, ¢ A coPegton sy Y, g
HPO4 (mg/L) o Presue £ otste 8, RN L ey 7 9 PN -
" i St Clears _ e’ ¢ BRECON| BEACONS o - % o "‘“ibliu'@"oﬁ()a I et
- 217-23 Haverforftwest §-— 1o 3=y o T (E eyl . .
> 3 ; z 8% ’ @\ He | '
S g : . - v Hempstead e -
B osso-216 |- sl "

§ i ST Ak B
- Rt o | .
[ 0.194 - 0.468 N2\ s
: WAL
2 ¢ ot Beacansfield *\ Fo5 il
[ 0.0331-0.193 : s
# D=
S ) donTiimies” 4 Suirah It g
B <0001 N
v = VAP T @
FromeGAx]] Mestoun ‘-“‘Am.u‘vi:r o “‘" : q i =
Lundy a oA SIS Warminsr Ha s it Farnham, ) Guildford
o wbs 3 ¥ on Bt
Glastonbury,/*s Shepton” o
Bndgwueru" O Mallet

Horthand P

» "n'/s sbiry
Tauntonjpgt” , L 3

ENGLISH CHANNEL

S % 01020 40 60 80 100
' EEw T— T km

T T T T T T
150000 250000 350000 450000 550000 650000

346



100000 150000 200000

50000

Provisional Geochemical Image

by Cardigan % y

Stream Water

K (mg/L)

B s7-986
[ ERIRRER
Bl srz-02
[ 407-6.71
[]259-406
[ 164-258
[C]12-1e3
[ 0.922-1.19
B o572 -0.921
B <0572

Tamar Catchment

Ay Pumsaint )
Newdastle ¥R ) Y
Ermbin, - /

] Uandavary i

Lyrtony
fracombs <

Pervanporth,

seagaes
ot

Corawally”
Boscal
Tinage Y

Rigbury¥
L
o

South Devon peage
i

I MEAR

Asist \

—
Malverrgits ANEvesham

=

Burhaf

%S
it
o

2Ly
L Gt

tymegay MO ’
Chickare)
ormuneswell]
for3 [ oriondt
fonad
(i

P osndin
Preignmouth
i be ay

3
Pier B (3 5
e Llon

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

R Sufolk Cosst

Ipswich N3
T and Heaths

S

N
Jo south Woodm _southilinster
Feres 9 -
on Crouch
hovincs it
2 southeaton Sea
=ICOUTHEND-OM-SEA

T
150000

T
250000

T
350000

347

T T
450000 550000

T
650000



100000 150000 200000

50000

Provisional Geochemical Image

Stream Water

——— Tamar Catchment 8
La (ug/L)

B 16510757
B o - 1164
I 0228 - 0.399
[ 0.095 - 0.227
[Jo.035-0004
[ o0014-0.034
[ Joo009-0013
[ 0.007 - 0.008
I o004 - 0.006
B <0004

Persnporth )

b Cardigan

Newkzstle
Embo,

waly §
lanelll

)
LudgeBh
\nde

—
5 [ tiont
)
o

>
SO o
loyer.

=5

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

Southy

3 South WoodMm
Feers 9 =

o

ricay

e

—J3
oo

‘Oungeness

T
150000

T T
250000 350000

348

T T
450000 550000

T
650000



100000 150000 200000

50000

Provisional Geochemical Image

Stream Water

Li (pg/L)
Bl 0720
B -2
-
5.1 -0
[25-5
I 13-24
[ Joso-12
[ 0.72-088
B os:-071

Tamar Catchment

Commall g
st Jml(

Land's
S End

Cornwall
Boscasil
Tiaget

b Cardigan % g
Newkzat W
b > /

Embi ) LUandavery

Fumsaint )

L

e MEARE L : Siverstonegh N\ W,
P M\ 3 PN
\ A 3 e HPn
3 doe X ifbines) J o Keynes)
.wa ¥

Burhaf

£ Goaiming
fsurrey Hills

Taunton 5 4

p s o
Fortunesel i
[ tiont S

Pttt
i

Haamouth
St Bay

Start Point

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

R Sufolk Cosst

Ipswich N3
T and Heaths

S

N
South Woodm _southalinster
Feers 9 -
o Crouch
ouinces et
@ southat on-Sea
 JSOUTHEND-ON-SEA

T
150000

T
250000

T T T
350000 450000 550000

349

T
650000



100000 150000 200000

50000

Provisional Geochemical Image

Stream Water
Lu (ug/L)

B 00208 -0.114

I 0.0069 - 0.01
[ 0.0036 - 0.0068
[T o.0017-0.0035
[ 0.0009 - 0.0016
[ 0.0007 - 0.0008
[ 0.0005 - 0.0006
I 0.0003 - 0.0004
B <0.0003

[
B o.0101 - 0.0207

by Cardigan g

%8

'chlt:szle y
Ermbin,
b3 N Uandavery

A forg

i

5 ury
8RISTO; burbage L | "i\g M ';x»
j iR T
tonaly | ey igh HLLRE
il ‘ . B, r%ﬁ = *Dorki
) sl e linobasd Sridguaterioy P oyer 5 B —
h £ Goaiming
(Sarrey Hils

ot ) - pig ot
e e

9 ol

v T
'"4 n

7 0
3 s}
g

Newhaver

s
S

—
5 [ tiont
)
o

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

A et

o Cany  Sheerness.
g 50

AN

S

Jrdnton-on-sea

&
Clacton-on-Sea

st Mo

on Crouch

Sea

KOUTHEND-ON-SEA

&

Suffolk Coast
and Heaths

T
150000

T
250000

T T T
350000 450000 550000

350

T
650000



100000 150000 200000

50000

Provisional Geochemical Image

1 1 _ 1 . 1 — — L
1 R b Cardigan - 3 e Sierstone o A an AR ¥ Ipswich (& Xy folk Coast
~ N Wy " w“fw‘g L 1 e ated, N it
Stream Water B e R g T\ BRG] pe A R o ;
W s NSHIRE b . o Keynes/ ; . \

—Bckinghom

— $ - oN| B g y . - . \ % Frrinton-on-sea

Tamar Catchment |
o (A ety b G ortn 4 i G S—"—r S LOX__Fnctononses
e ) P W p. O : o e

Mg (mg/L) v A

>
= _ 7
e = 3 P\ & A b e ) ? h \Maldeg
B 256 - 334 o (o R i s 1 20 P - e QL e e, : N
g carm DphianstA \ 3 Y. e * X o o) = couh iinster

® b2 i Y g femn —

Bl 44255 ik T e SN e, S o] SR A ] sl RGNS ! L oy
2 T AL ? R o (5 b D e — The e {2 2N, o S A

B 14-143 ; e ¢ ot oeads " S RIS i

50 e o Avonmeuthed 2 - S = ' ¢
) d T oot ? anf o WEAT BERSHIREg e S A i B o ot e
[ so0o-113 z v 4L _ P S s T ! S EN A
[]s552-808 o % ‘ i) /g e~ STk ) 4 - K >
BRISTO, %\ g

e

Cha, & " /
[ 362-551 e iz : A N ,
ol Henco o 170 sy V5 P orking L
vy i A 2 : ) ﬂ,;gq . ‘ : > S
[ J264-301 ! ocen G o e R, S Fessings

[ 1.09- 263
| EEPERRE
-

OF WIGHT
WIGHT

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

T T T T T T
150000 250000 350000 450000 550000 650000

351



100000 150000 200000

50000

Provisional Geochemical Image

b Cardigan % g

e
Uandavery 4

Newkzstle

Stream Water i § 7B e

Tamar Catchment |-
Mn (ug/L)

B 2500 - 25,000
I :10-2.400
B 160 - 400
[ s0- 150
[]21-49
[s3-20
[Cs-s2
B 35-49 R
| EEEY =
-

sy i

North
Devon

Hart S

by Comwall Y
=== tizard Porat’

Fumsaint )

e MEARE L : Siverstonegh N\ W,
P M\ 3 PN
\ A 3 e HPn
3 doe X ifbines) J o Keynes)
.wa ¥

£ Goaiming
fsurrey Hills

%S0
ety
Sty

Bl =

chic k.n

—
5 [ tiont
)
o

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

‘m;‘f‘"‘"" ok Suffolk Coast
i AN ‘and Heaths
w)f‘) 5

N
South Woodm _southalinster
Feers 9 -
o Crouch
ouinces et
@ southat on-Sea
 JSOUTHEND-ON-SEA

) G
R ol
S
lastings:

T T
150000 250000

T T T
350000 450000 550000

352

T
650000



100000 150000 200000

50000

Provisional Geochemical Image

by Cardigan % y

Stream Water

Mo (ug/L)

| FERE
B os3-2
B o4-062
[ o.19-0.39
[Jooss-0.18
[ 0.043-0.083
[ Joo3-0042
[ 0.023 - 0.029
B oo15-0022
B <0015

Tamar Catchment

Newdastle ¥R

tnbo, ¥ Uandavery -

ifracombe

‘EE:

St ives

comual
lm&
s e y

Mutlo
Commwal
== tizard Porat’

»
o

f Polpeo ¥

Mevagisey

Fumsaint )

I MEAR

Asist \

—
Malverrgits ANEvesham

=

Burhaf

Bridguiat
R PN
J 5
Taunton ’J/f'r
= TN

Pu

flotow:
vl

—
5 [ tiont
)
o

3
Pier B (3 5
e Llon

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

R Sufolk Cosst

Ipswich N3
T and Heaths

S

gt souh Woodm _Southlinster
Ferer 9

on Crouch
Fouiness it

on-Sea

S JSOUTHEND-OMN-SEA

&Q

S
- &~ S,
& =

(ow Rormney &

‘Oungeness

T
150000

T
250000

T
350000

353

T T
450000 550000

T
650000



100000 150000 200000

50000

Provisional Geochemical Image

1 1 . 1 1 - 7= 1
\ s b Cardigan = P wm«;\;jﬁ Lol & Y Sufilk Coast
Stream Water =y L e Ky

Na (mg/L)

B sz - 520
B o3-s86
B 253 302
[ 19.4- 282
[]135-193
[ 996- 134
[ Js18-995
[ 7.14-847
Bl sso-7.13
| B

Tamar Catchment |

Lundy a

o xf Uandavery -

A forg

i

Hifracoat

North o
Devon

Barmitaple

tidabovd By

Burhaf

Heidgueater Bay

ognmouth
&

vor

Lo my ABBOLSUT
tyme Bay
Chickere!

m
o Caine et
NorthWesspr
/" Dot
}

LudgeBhol

Puddictow: Z
o 7

2%
‘Weymouth

StAoamS o

oruneswell] =
F 195 tiond Ereeavien

Pttt
i

Ao Keynes/

—Bckinghom

5 i)
E S\uun;;‘!v
The eyl
Vilinglond__Bes

e

=

o
tch

OF WIGHT
WIGHT 2

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

i
/6 cotsiming

fsarrey Fills

Jrdnton-on-sea

&
Clacton-on-Sea

st Mo

N
innster
s on Crouch
gt on Sea
SO UTHEND-ON-SER
Taked Thames s
Heme Margate.
Bay__

T
150000

T
250000

354

T
350000

T
450000

T T
550000 650000



Provisional Geochemical Image

1 1
}?@:‘L’t\: A /’f:;;,'v veshamL_
Stream Water o A BZECNN
Nd (HgL) b
| ERCERIRT
S (| oss1- 1780
R — Doy T
S [ 0333058
[ o16-0337 B :
[]o.0s6-0.159 : : R e o
i : v > A Sz i 3 = sy
- [ oo011-0055 e ) [otsd i AR N Y (el Sl A B (ST, -y '
S ||l <o , [ e , s, B SHg A a1 2 g D g, @)
o ] Tindy ta < Hekdgwarer By PAF 3 g 2" )50 °\;L s % - J ! | AT /] e -
] L erh %2 2 S ‘ o |F( -
- Semid L)
e S ey - g ] o/ T Eoram ‘ W
W o/ s ; . N S epnifll E & g o S
X ; 4o ) 3 2 "
‘ e
(=3
o
==
(=] sthourne
) s
=
‘ISLE OF WIGHT
ISLE OF WIGHT
(=
o
[
(=
w
ENGLISH CHANNEL
y oan comt M, 01020 40 60 80 100
| & m TR — km
o

T T T T T T
150000 250000 350000 450000 550000 650000

355



Provisional Geochemical Image

200000
1

150000
1

1 L 1
R B Cardigan i B % 3 2 ,4,,7.‘ P (T{\‘\ ) "k"w ! 3 Stvestonegh Sy % N SR TA ¥ o, pawien SR
o Pumsaint ) r MalverrgHilts \\Evesham o - \ s 9 pt T d
e Newiant %8 {4 5 e 3 N % 5
Stream Water S RUBITT ol i) C A t A S £ e e | TN Sl f
5 o CERiar, 3 ™ oot ch g

Tamar Catchment |-
Ni (ug/L)
B -e7
Bl ss-s
B s-68
[ 3-40
[]15-29
[ oss-14
[ 0.25-0.33 e
Bl o17-024
Bl <5

(=]

2

g

o
i ?
g
ENGLISH CHANNEL
Ly . 01020 40 60 80 100
EN N s . km

o

[ Jos4-o0s7 ]

N
SRy South Woodfim
B Ferrers -
Bkricay
=
3
KouTHEND-ON-SER
surohs
Hiscany B 5 I % y \ g =
o 2 water By PIF s . 2 y S
8

£ Goaiming
fsurrey Hills

Taunton )z~ ¢

T
150000

T T T T T
250000 350000 450000 550000 650000

356



Provisional Geochemical Image

200000

100000 150000

50000

1 1 | 1 1 1
Y Cordigon % == TS 2 » T R =
(N S Nypminy S : Ll AN " % Y
Stream Water G qu;mﬂ e p ik ; Vye " Hereford Oy : . Banbury I, £
e ymychf SH vl - Bv:(an;‘ b,
~——— Tamar Catchment : o | tandile 7 oo\ O ags-oniye
e 7 anccon beiows G el ¥
NOz (mg/L) , R "~ iy e : N 0
A i oxford) 3
B o199 - 191 ’ R Szt N
B 0026 -0.198 e Ll
[ 0.0136 - 0.0259 - ey
+ Avonmoutl X TR
[ 0.00647 - 0.0135 Aaoirs 2 28 “
[] 0.00501 - 0.00646 Ramsai
wwndy ) hafos  Warminser rarbacicy Gadled
Mallet = LA g I
W5 oationiny ™ /o \ -
. o Y )
aw b E Winchester
N L2 et petersieigfo) A |
= P d ®) “'5 X
G outhampton /| sam,jnr,u -
;
ENGLISH CHANNEL
oan o 01020 40 60 80 100
| B W TR I km

T T T T T T
150000 250000 350000 450000 550000 650000

357



100000 150000 200000

50000

Provisional Geochemical Image

B Cardigan 1 T3 5 % 3 S MR e =

Stream Water

NO; (mg/L)
B 57s- 281
B 50577
I s02- 388
[ 19.2- 301
[Jeo01-191
[32-0

[ ]1s5-3.19
[ o808 - 154
B o.1s5 - 0.807
B <05

Tamar Catchment

" ) Pumsaint MalverrgHills (\A"Evesham
Newbstle &Y ) ) R

tnbo, ¥ Uandavery -

Burhaf

Taunt; %
Faunton 5=
?"/ N

~
Rootshury R
Chickera™NP

—
5 [ tiont
)
o

Perranporth P

sagnes RV P
G, A
sl B

Comwall
Stust

.
T Maunt’
E
Cormmwall
- Lizard Porat

3
Pier B (3 5
e Llon

£ Goaiming
fsurrey Hills

e
{ 19
3 soumaowp,ﬂ 9
A | | Storrid
( 2k

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

Ipswich N3
T

S

South WoodMm _southlinster
)

on Crouch
Fouiness it

& southiget’on Sea

S JSOUTHEND-OMN-SEA

fithe.
Y Oymcharch

(ow Rormney

d
‘Oungeness

R

Suffolk Coast
and Heaths

T
150000

T T
250000 350000

358

T
450000

T
550000

T
650000



100000 150000 200000

50000

Provisional Geochemical Image

1 1
- = = T
s bdon 5 i

- 5 T
d o L W O iaping
awporf \~ . B 7 Nalverafhits NG vesham ek
Stream Water 7 an el e PNl ] ?1/ a0
W ¥ RTHEN o P\ ) U

Suffolk Coast
and Heaths

S

4 \\/~

Tamar Catchment c'"i':m: =
St Clears gm0 o) 5 %, Frrintononsen
P (mgl L) N (5 awm¥ J/ﬁ":‘.:‘?““’"v", ) ey u‘m Hracton-on-Sea
g SYERSHIREE 7 rcuencs -
oun oo _sou ot =
B 025096 ' e

on-Sea

B o.17-027 b o
[ o07-0.16

[]o.034-0.069
| 0.016-0.033
[]0.0097-0015 I
[ 0.0065 - 0.0096 L. A
B 0.0038 - 0.0064 3
B -0.0038

S =ISOUTHEND-ON-SEA
ke Thames Finuscy
o Gary  Sheerness

g5

oty S MATGME o et
7 A ey
W78 5

Burnha| \' <

(S ) 4
S, N\

s &

LudgeEhol >
\nde

bty 55

% ooy e B P \indover
& Warminster r:.'f <& } :w

& f

D s s W

o 0%

dz;

Hills [/'m_ L o]

JA

Taunton 5= =
TN

y,

Hartly | &;mm» Petersfield,

~

=

B o
B s
¢

ulompton Kool
%
“
LymoBay AOPOASBN v
Chickerel 9
forgem Rnﬂaml
s
Res V%, Adeagiesey Vi M
biiiagy AR - o Sy an
IS ENGLISH CHANNEL
s s ) e Rg Falmot Say

CSeees Mutlo

( om S =t 01020 40 60 80 100
EN N s . km

T T T T T T
150000 250000 350000 450000 550000 650000

359



100000 150000 200000

50000

Provisional Geochemical Image

1 1 1
J is =~ bfCandigan %\ o y: P r'('?\‘ﬂ =3 Siverstone g Ipswich s
o R S i Malverrghits \ N\ vesham> A& e i Coast
Stream Water el 7 Sy WS wonl [ e
- . eff 2 ollxstowe
Tamar Catchment c‘:":m:‘: = k
St Clears gm0, T rrinton-on-Sea
Pb (uglL) =R 1 ™
ety 2] ER!
B 1522 g / N
Bl os7-15 i Qe LR
i e RGN S /égi v A
B 0:37- 056 S e W W S f
[ o.18-0.36 e
R O
[Joos2-017 s
8RISTO; 4 ,,.,,,,.,.,\r;_ J
[ 0.035-0.081 e e % L.
undy iy T Y.’ fo T
[]o0.021-0.034 A S gy b Y e
[ o.016-0.02 = X
. b Taunton =
B 00092-0015 Rsrome T
#Southampton

B <0000 i

Abbotsbon

Lyme Bay

= ol chickers ™\ Pweymouth 2
ForunesweldY, il B Wnion AND MAIDONEAG
forquay o

Newaquay,

Penanports )

i St ENGLISH CHANNEL

Mullion

.. e G 01020 40 60 80 100
EN N s . km

T T T T T T
150000 250000 350000 450000 550000 650000

360



100000 150000 200000

50000

Provisional Geochemical Image

Stream Water

Tamar Catchment
pH

Bl s:-os
B s:
[ s-s1
[Jre-79
[7e-77
[73-7s
[ RS
P cs-60
B c:-s7
s

Y

Coymychf

Tardigan 1§,

Newkastle
¥
H

'

5 s o
Fortuneswel e
[ tiont S
fotinad
¢

ENGLISH CHANNEL

01020 40 60 80 100

i

y y s
P =gV Felinstowe

arwich
P e faze.

Frinton-on-Sea

Southglinster

?nm o

§ South WoodMm
ors

B0 Fem

pon Crouch
Fouiness ot

ythe.
Y Oymchurch

How Romacy

Oungeness

> ISLE OF WIGHT
scuemes |SLE OF WIGHT

AN W maamkm

T
150000

T T
250000 350000

361

T
450000

T T
550000 650000



100000 150000 200000

50000

Provisional Geochemical Image

Stream Water
Pr (ug/L)

B 04194 - 28307
B 01333 -0.4193 2
[ 00784 - 0.1332
[ 0.0354 - 0.0783
[]o0134-0.0353
[ 0.0044 - 0.0133
[ 0.0023-0.0043
[ 0.0016 - 0.0022
B 00009 - 0.0015
I <0.0009

Comwall

st Just (0

evagisey

b Cardigan

Newkzstle
Embo,

[
Polperro

waly §
lanelll

)
surohs LudgeBhol
el

inbesd gt P

—
5 [ tiont
)
o

oy,

ENGLISH CHANNEL

' % sl S Froe
FaGy <
\%

) Kow Romacy

‘Oungeness

S End
y oen ke 01020 40 60 80 100
EN N s . km
1 T 1 L T 1
150000 250000 350000 450000 550000 650000

362



100000 150000 200000

50000

Provisional Geochemical Image

b Cardigan % g

Stream Water

Rb (ug/L)

| RENY
s
| BB
a5
[]19-3
I 13-18
[ Joee-12
[ 078-0.95
B oss-0.77
B <55

Tamar Catchment

Newdastle ¥R

LT Uandaveryi

Commwall
St Just N

Land's

S End

Commwal
== tizard Porat’

Fumsaint )

Asist

VS S ¢ 3 Shestoneglh N\ &
al Mo\ W O Eaping £ g
Malvernfhilts ¢! \h!]mmm 2 yA - ¢ iy 4 ot
- i _fon
o) il S o Keynes)
.wa 3

Burhaf

1 Hinehaad

e

-

ith * 4 dmauth
‘ WPy cast Devon
uth

Dauish

Chickere!

—
5 [ tiont
)
o

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

R Sufolk Cosst

Ipswich N3
T and Heaths

S

N
South Woodm _southalinster
Feers 9 -
o Crouch
ouinces et
@ southat on-Sea
 JSOUTHEND-ON-SEA

T
150000

T
250000

T T T
350000 450000 550000

363

T
650000



100000 150000 200000

50000

Provisional Geochemical Image

Stream Water
S (mg/L)

B 22406
Bl 76421
B 23-175
[ 699-122
[ ]414-6098
[ 252-4.13
[ 177-251
[ 134- 176
B 0503133
B <003

Comwall g
Stiust,
¥

by Cardigan g

%8

'chlt:szle y
Ermbin,
b3 N Uandavery

A forg

i

s
Hrocsa 2
Lundy
A e Y »
-
tidaindnay

Horthnd Foint

% it
e bl®
A Fhrieram

’ : Hamouth

&

Jorquay
| ToRBAY
ton

StarrBay

Burhaf

oo |
B tiinebead  feidgwater By P

over.

g ury
torboge |
L
f““"i‘?:'lw%h ;

Lyme Bay

—
5 [ tiont
)
o

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

AN

S

Jrdnton-on-sea

&
S Clacton-on-Sea
W

on Crouch

on-sea
EHouTHEND-ON-SER
Tibea] Thames £

Suffolk Coast
and Heaths

T
150000

T
250000

364

T T T
350000 450000 550000

T
650000



Provisional Geochemical Image

200000

150000

1 [ 1
B - DCardigan ¢ — w: 7 = 3 = i r“”(\‘%\\}!:m.mr ) % mw\e& Y = T T el =X M"‘m:”
o w0 e 7 MalverrgHilts ¢ o ~ gt Yy ! v; % o s N % ‘and Heaths
Stream Water oo TN PR Y MW ) [~ a2 R ; R P i a7
I o\ £ Landiyery)d s i LS | SR A L B I { " ) Vale %
: ! 4 Keyn 3 4

Tamar Catchment |-
Sb (uglL) B £ (FENEE B i A ST ORS . B A
L L s G S Sagroo U RONRUE i ! N e {otAizans “Ngfiarion e, 2
- Bt T TR SN R T LS R T e S .
-034_072 e T S I ol 7;\{« oo V s N i 1 5, e S S Yy ; = L
o g A e GBS e e Y A S S SRt st (T
B 024-033 i L « 2 o : »
[ 0.13-0.23
[ Joorz-0.12 i 2, G g oA kg By - o
olicy, o L e :4-, L ‘~'» " L & 3 2 . o sideto oy \'g oY
[ 0.045-0.071 . N o~ % Ry , : roi B B o X

S JSOUTHEND-OMN-SEA

ezt Bac» Meniass S BT  Mende ) Y% st ; :
[Joo36-0044 TV TR S R Sfghive oo
R ] R </ e £y

[ 0.031-0.035
B oo023-0.03
B - 0023

%S
Gt
o

2 i
L s

100000

50000

Cornwall
Boscantl
Tirvaget

uth

- P
ortuneswel -
5 [ tiont -

Pttt
i

y ¥ ke

Mevagiesey

omwall

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

T T T T T T
150000 250000 350000 450000 550000 650000

365



100000 150000 200000

50000

Provisional Geochemical Image

Stream Water
Se (ug/L)

B os3-6624 |
B o64s-1.052 |-
[ 0488 - 0.647
[ 0.296 - 0.487
[ Jo177-0205
[ 0.109-0.176
[]oo0ss-0.108
[ 0.074 - 0.085
B 0.05-0073
B <0050

Cornwall
Boscastle
Tinage gl O

Port tsanc
®

a¥ r " R Faimouth 2ay
E e Tl AN
|y cen Commat} g

- o

== tizard Porat’

b Cardigan % g
)

Newdastle g
e, Uandavery £

Iifracombe

) A3 R
_Fouiun

oignmouth
& be ay

Whetsand
Polperto 1

Fumsaint )

Burhaf

&S
i
=

Al (yme
Souton  Regis

Tmauth

Lyme Bay

Y
arfy

L TR

e MEARE L : Siverstonegh N\ W,
P M\ 3 PN
\ A 3 e HPn
3 doe X ifbines) J o Keynes)
.wa ¥

£ Goaiming
fsurrey Hills

el TR

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

R Sufolk Cosst

Ipswich N3
T and Heaths

S

N
South Woodm _southalinster
Feers 9 -
o Crouch
ouinces et
@ southat on-Sea
 JSOUTHEND-ON-SEA

T
150000

T
250000

366

T
350000

T T
450000 550000

T
650000



100000 150000 200000

50000

Provisional Geochemical Image

Stream Water

Tamar Catchment
SEC (uS/cm)
B 1 020-4720
B ss5- 1010
I 575 - 684
[ 577574
[ ] 239-376
[ 163- 238
[ J1s-162
B 6.1 - 117
| EXES
| EIEREA

g, W Sl

. 2™
) 1

y e Commall

e s

tizard Porat

S hivaghsey

b Cardigan

Newtastls”
Embo,

Carmarthen |
o

St Clears 0
e

W
Volperro 5

(&

g,

Pemouth
Ea: n

¢ fabergavenn)

Monmouth,
e

lyme'
"Sowton  Reg

S—
5 [ tiont
)
o

ISLE OF WIGHT
scuemes |SLE OF WIGHT

ENGLISH CHANNEL

01020 40 60 80 100

| B § R I km

e

Beachy tesd

T
150000

T
250000

367

T
350000

T
450000

T T
550000 650000



100000 150000 200000

50000

Provisional Geochemical Image

Stream Water

Si (ug/L)

B 5250 - 18,700
B 5520 - 9.240
[ 5,790 - 6,810
[ 4.400 - 5,780
[]3380-4390
[ 25600 - 3,370
[ ]2250-2590
[ 2,020 - 2,240
B 5702010
B <1670

Tamar Catchment

by Cardigan g

%8

'chlt:szle y
Ermbin,
b3 N Uandavery

A forg

i

o
l'!wb-' b /
urhal- | ) }““uf;;““,‘w'.my il

over.

oo |
Minebead  Aridgwater oy PIF

74
- ool
A ;n,mn?"‘.l i
. S g2
3 t...l
1 ]

—
5 [ tiont
)
o

ENGLISH CHANNEL

N Suffolk Coast

and Heaths

S

Jrdnton-on-sea

&
Clacton-on-Sea

O s Mo,

N
on Crouch
‘on-sea
SSHKourHenn-on-sea
Tlang Thamas
o Cany  Sheerness.
} e e ottt
=5 )
o /i roadstaies
msgate
ndwich

Ly . 01020 40 60 80 100
ENE W s km
T T T T T T
150000 250000 350000 450000 550000 650000

368



100000 150000 200000

50000

Provisional Geochemical Image

Stream Water
Sm (ug/L)

B 0394 -2.241

I 0.089-0.136
[ 0.046 - 0.088
[Joot9-0.045
[ 0.007-0.018
[ 0.005 - 0.006
[ 0.003 - 0.004
I 0.002 - 0.003
B <0002

B 0157003 |-

Pervanporth IR
%o “

comwall

st Just (0N

Covrack

izard

== tizard Porat’

b Cardigan

Newkzstle
Embo,

;
W
Uandavery £

A forg

i

G ury
burbage L |
R
g 3
psephr

BT S 5a ¢ % ey /‘g\g ‘
¢ sy | 2 Rt | B o= E k. N A
| P IISHIREY, oS i
- ) #I i 2 i \ P W7 A0 o ok
T ., G Sheptgn — > fute i
e S ? ;
il g < e
: &4 2

)2
ki

?’/;},

PR

Tehery ~_
P )

* Bla
@ e
Cutompton

by g ALt
T
X
L Asbotshay
tyme By o
Chictars N PP weymonth
—
e [ tiont
)
o

StAoS o
A

Whotsan

80,

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

N Suffolk Coast

S and Heaths

Jrdnton-on-sea

&
S Clacton-on-Sea
W

N
o Crouch [
it on-Sea
;m’f'w‘r‘::g“”m OM-SER

T
150000

T T T T
250000 350000 450000 550000

369

T
650000



Provisional Geochemical Image

Suffolk Coast
and Heaths

b Cardigan

Stream Water [ "
s &

——— Tamar Catchment

2. st e = —t 1 3

Sn (oll) ey (B2 =y o g M e W s s CSa ) : =
v N A ) . X a 2 j2 Y. % s v Y } Care ‘ /4 oy oo _souty
B o111 -0.19 ‘ : ' ‘ 2 %) g o
B o007-0.11
[ 0.034 - 0.089
[Joo19-0033
[ 0011-0018
] -
0.008 - 0.01

[ 0.007 - 0.007
I o004 - 0.006
B <0.004

200000
1

Losiom R

ifracombs

)

150000
1

Carnwall
Boscasil

100000
1

—

Fortunesrslf D iond
)
o

Pervanporth,

z i e
o M

. -

7\

50000
1

ormwall
Commwall

AN e ENGLISH CHANNEL

Land's
S End

01020 40 60 80 100
AN W maamkm

o, e

T T T T T T
150000 250000 350000 450000 550000 650000

370



100000 150000 200000

50000

Provisional Geochemical Image

T

b Cardigan

- S 2 d \ o iapin \ * Suffolk Coast
Rty Wil Malv { Y % - S ; : 7 & and Heaths

Stream Water oSN PO oy A
pouRe 3 ] ¥k y

Tamar Catchment -
S04 (mg/L)
B 3-1.440
e -2
B s20-48
[ 18.9- 3258
[ Jns-188 . /R\
[ 729- 114 e T
[]s27-7.28 oy L P T O =
3.96-526 wains y
= 259-3.95 e »
B <25 ‘

A forg

i

g ury
torboge |
L
f““"i‘?:'lw%h ;

over.

Lyme Bay

—
5 [ tiont
)
o

»
oy R
jsey

Comwall

:, - St ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

T T T T T T
150000 250000 350000 450000 550000 650000

371



100000 150000 200000

50000

Provisional Geochemical Image

1 1 1 1
3 z T

3 RS e b Cardigan %, > ) ’ Stvestonegh Sy % 3 R AT " Ipswich {1 ik o
Stream Water o ety AN : “ﬁ; AT el e N
I e o 2 .

—Bckinghom

Tamar Catchment |

! bl et N S oN| B o~ P N~ 3 Aty \ | el B -3 Y Hedntononsen
Sr (uglL) e =4 (R N 5 e ek e BATFSRTRIRT Poncsron 52X Y Henonsn
B 703330 o (o ¥ , o S e 4 i : - » s S Y, '
= ; PN~ P \ o o L. . e ; S \ oy e . ) o e .
- 378-709 —luansesZ, e o e £ Jweon s it : 0P s 3 swuw';‘g" [ e . - Pt
AW NG > g AP et The Ehitery i g, L&
B 257 - 377 NG SRR RS S e e A % e Ny ! R
i R Pl e 2 X o £ P : ] il ke
[ 139- 286 £ e S\l i o
[Jeos-138 g LR ﬁ o/ ok
BRISTO, - b oo o SN /
= Radloch o 8 o \ 4
J|E 01-607 e Wz Ay o sl e i
unsy ) o % Y s G A g W i A i
[ 28.1- 40 . ST Gl cuoty o e ) e V- fuSiame
[ 19.1-28 e ¢ !
e
B o0 %
I <03

oM
NorthWesspr
/" Dot

e

=

Cornwalls”
g ™ 7 T
o .
ey 1ERHS o g T,
o ""‘*"qu-mhL o 4 OF WIGHT R
rm""h‘w-lkrﬂand 3:::‘:’::; et : i‘ ez
4
evaghsey ¥ Y OF, | - e
R ENGLISH CHANNEL
s
S di ot g 01020 40 60 80 100

tizard Porat’

AN W maamkm

T T T T T T
150000 250000 350000 450000 550000 650000

372



Provisional Geochemical Image

1
N Suffolk Coast

and Heaths

b Cardigan

T

S

100000 150000 200000

50000

e

Stream Water i Uil

Tb (pg/L) g f ; | : k : ‘ ‘ 55

ARV : 5= ~m Jov Lot i P | o R Cra \‘ =y, | 3 enier o -ra" 7 A " ‘: Frcinton-on e
I 0.0548 - 02732 | ) o ¢ (N S ey T e Ve N L i, e 5] oo
ohe 7 LN vl (22 R wold AL N “%q Q- 1 575 e N

i

[

B 0.0207 - 0.0547 g i e Nl e oy , / s N

: YNGF~NO P \ 4 o1 X y. i v 157 I v e 4 ; Ongac L
I 00143 -0.0206 LS e e S U v : / : s e ; oy W,

, A S QUERTE Sl P S ) - T el tonsm
B sovrs-oore RGN Pl A U gl
AN T o T e B ot B0 ] ] SN oo o S vy e
[ ] 0.0031-0.0073 S fehmoire ey A - N AN e S, A O e
el pena % e " A 0w ” ‘ S8 A B o ,..:, ay
[ 0.0012-0.003 o T ‘ oo /5 2, N - e
8RIs 70 Sy A Gy %_ L i L, >

[ 0.0007 - 0.0011 e i T

s

[ 0.0006 - 0.0006 -

I 0.0004 - 0.0005 ' W phigon
W/f A7y

— § W R P B e e L1
¥ e 2 b s ¢ o i
[ - 2 ¢ 2

itiehampton

Abbotsbury
o
chickers ™\ Pweymouth

—
5 [ tiont
)
o

Newquay,

s

Comwall

R X g SmreTe ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

Land's
s End

T T T T T T
150000 250000 350000 450000 550000 650000

373



100000 150000 200000

50000

Provisional Geochemical Image

Stream Water
Th (ug/L)

I 0.0875 - 0.5519
B 005700873 |-
I 0.0236 - 0.0369
[ 0.0115- 0.0235
[Jooo46-0.0114
[ 0.0017 - 0.0045
[]0.001-0.0016
[ 0.0007 - 0.0009
B o.0004 - 0.0006
B <0004

e,
Vi

Newaquay,

Peranporth o

i
St

P
S -

s 3 Mulo s,
Lyﬂﬂ- Commal B

tizard Porat’

Eudt )'.'r" !

Cornwally
Boscast
Tinagel

#:
Portiang g

92

= T
bGardigan N

e i

Uandavery 4

s s

i
oAl
A B g

SalcoR "‘ Start Point
South Devon Nt
e

el

¥ 3 J{a’” mj’w,

Cullompton

win 1P B
MalverngHils \‘\h

burnhaf

- g Lyme
Sovton Ao

»
t Devon Abotsbary'y.
th Lyme Boy 53
chickers N\ Pweymouth
p st
ForunesweldY, R
it

ENGLISH CHANNEL

575,5‘,5,9 E’ oot

Sherstoneg Suffolk Coast

ot

png L2 N
Ongac o ﬁom?‘l‘!wd m 99,- uthglinster -
, Fooh S JEY
on) Prian Ra,m,{ rorpen
;« 7 Pl sout
< £ n....m¢° Wil | istinglor o2 e
w’l(ld’l_\ N " Y = . SOUTHEND-ON-SEA
bt - 3 0 | . . Jn £40-0n
Ay $ 4 b - Y ;... ames Esu
WEST BERMS X Gﬂ\f\‘ Shnus

B cgiming.
arrey s

> Kent €8
#) 3

» 3

% ISLE OF WIGHT
scnemes |SLE OF WIGHT

01020 40 60 80 100
AN W maamkm

T
150000

T
250000

374

T
350000

T T T
450000 550000 650000



100000 150000 200000

50000

Provisional Geochemical Image

Ti (ug/L) g
I 550318838
B 6s6-3502 |
[ 1058 - 1.645
[ 0512-1.057
[]0.204-0.511
[ 0.069 - 0.203
[]0043-0.088
[ 0.031-0.042
B o.018-0.03
B <0018

b Cardigan

s s

B =1 7
5 3 3
\ np

win 1P B
MalverngHils \‘\h

Sherstoneg Suffolk Coast

W
Uandavery 4

ot

swmn s

e N
i ;y""ﬁompvlmod I soutninster =

rmm, Jouryhn oo Crosch
anhan Rayieoh _ e

;« & Pl soud

£ w....m¢° i | T itinglor ; 8 ot ‘on-sea
Soigdon- N 5y o LC : % OUTHEND-ON SEA
_‘-mb@ﬁ“ € R on e N A m.,gn,,,, i
WEST BERMS 2\ Gnm‘SMus

el

burnhaf

North
Devon

B cgiming.
arrey s

hery A~

Tauntonjzy /f;m,#

""““"Q//_, 2

A
07

P i, e
3

Chickers NP

‘Weymouth

—
Fortunesrslf D iond
)

% ISLE OF WIGHT
scnemes |SLE OF WIGHT

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

T T T T T
250000 350000 450000 550000 650000

375



100000 150000 200000

50000

Provisional Geochemical Image

o, e

Stream Water

Tl (pg/L)

B 0.0965 - 2.3441
B 0.0343 - 0.0964
I 0.0211-0.0342
[ 0.0091 - 0.021
[]0.0042-0.009
[ 0.0021 - 0.0041
[ Joo0013-0.002
[ 0.0009 - 0.0012
I o.0002 - 0.0008
B <0.0002

——— Tamar Catchment

Comwall

St Just 8

Land's¢
S End

Commwail A9
Lizard Point

Romwali

b Cardigan

Newkzstle
Embo,

W
Polpero B

e agissey

waly §

BRISTo, Burbaga ™ —
$ 7 kg /
Al } R
VE 4
Burchaf, LudgeBha 55"
b Hinehoad  Heidgwater By ‘ \ndoye 1 s ™=

d ]
G wiinge,

i '!Qm;mn" ~

=5

chickers ™\ Pweymouth

—
5 [ tiont
)
o

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

T
150000

T
250000

T T T T
350000 450000 550000 650000

376



100000 150000 200000

50000

Provisional Geochemical Image

Stream Water
Tm (pg/L)

B 0021 -0.111
I 0.00963 - 0.0209
I 0.00655 - 0.00962
[ 0.00317 - 0.00654
[T o.o0014-0.00316
[T 0.000609 - 0.00139

[ 0.000405 - 0.000608
[ 0.000309 - 0.000404
I 0.000199 - 0.000308

I <0.000199

Commally g S
aar

tizard Porat’

by Cardigan g

%8

'chlt:szle y
Ermbin,
b3 N Uandavery

A forg

i

tidafovd By
Northary

v

oo |
T Ryldinehead  Hridgwater By DA

—
5 [ tiont
)
o

over.

G ury
R

ENGLISH CHANNEL

&
‘&”‘ agh BT

)2
ki

?’/;},

PR

01020 40 60 80 100
AN W maamkm

&
Clacton-on-Sea

O s Mo,

on Crouch

on-sea
EHouTHEND-ON-SER
Tibea] Thames £

o Cany  Sheerness.
g 0%

S

N Suffolk Coast

and Heaths

Jrdnton-on-sea

T
150000

T
250000

T
350000

377

T
450000

T
550000

T
650000



Provisional Geochemical Image

bGardigan

200000
1

150000
1

Stream Water

Tamar Catchment |-
U (ug/L)

B 2791 - 13673
B ios-270
B os62-1.017
[ 0.282- 0619
[Jo0s6-0.281 _ -
[ 0.023-0.055 Ly
[ Joot6-0022 . j‘ P ;MO
[ 0.014-0.015 : e .
B oo -0013
B oot

Newkzstle
Embo,

cgd

Carmarthen |
St Clears 0
oy

s s

Taunton
) m‘»;-.mqj 7
s
W < may
- .’ (- d.m,n
Cutlompton

100000
1

50000
1

o Mulior
Commwail
tizard ot

Cornwallf
Boscantl
Tinaget

Newquay B G 2 3 TORBAY
9 . -
p X . jnton

Peranporth 2
t
H‘ws ’Yv‘a._‘ €03

D mouts
T o O o
pivioum S O T,
Sal

B start point

Abbotsbury’
Chickers ™\ Pweymouth

—
5 [ tiont
)
o

ENGLISH CHANNEL

StAmS o
A

TothirgE o N

foyal Woatto

Suffolk Coast
and Heaths

Shestineglh Ny

ey onsea

SourHeno-on-sea

o """" g o

ﬂm-l..mq
ey 41

01020 40 60 80 100
AN W maamkm

T
150000

T
250000

378

T
350000

T T T
450000 550000 650000



100000 150000 200000

50000

Provisional Geochemical Image

1 1
A » Cardigan 4 : > W o 3 ("p =3 Ipswich\(F P
St Wat T A ey A ' B \h‘]"’""" £ Yo S ons
ream vvater RN Merde. o b / '.TL% 9
e A *e 5 o 3 g
Tamar Catchment

V (ug/L)

| PERE
| EEREY
I oss- 1.1
[ 0.36- 067
[Jo1s-035
[ 0.081-0.17
[ Joo4s-0.08 e
[ 0.031-0.043
B 00032-003
B <0.0032

mﬂ Foamian Aegis £
‘“ Fiv"r\cr Avbotsbe

Lyme Bay
’.' Dawlish

P StasS o
oo Forunesweld, e i
Pttt
i

% Vag1®

Bt
by
Sal g

B aiming.
farrey Hits

ENGLISH CHANNEL

01020 40 60 80 100
AN W maamkm

on Crouch
Fouiness it

on-Sea
SOUTHEND-ON-SEA

Hamsts
y Phormchuch
e

X L -

T T T
150000 250000 350000

379

T T
450000 550000

T
650000




100000 150000 200000

50000

Provisional Geochemical Image

Stream Water

Tamar Catchment |-
Y (Hg/L)
s
B oso-15
I 0.48- 0.8
[ 021-047
[Joore-02
[ 0.038-0.078
[ Joo026-0.037
[ 0.021-0.025
B oo15-002
B <0014

tizard Porat’

Commally S0
e

b Cardigan

Newbstle

T

%8

/
N ) | Uandavery f

A forg

i

* 8l
[ e
Cutompton
j

Burhaf

§

oo |
Wp\Uinehead  Adguater Sy DA

Langp5i=

Gthery
artr

o
Chickera N

Fortuneswoll R""m'

7 Weymouth

Pttt
i

ENGLISH CHANNEL

N
CouTHEND-ON-SEA
Tibea] Thames £
: vy

Grbogeri— |

Ldse S

prv g S

:guov«/lﬁ

Suffolk Coast

> and Heaths

01020 40 60 80 100
AN W maamkm

T
150000

T
250000

380

T
350000

T T T
450000 550000 650000



Provisional Geochemical Image

Stream Water
Yb (ug/L)

B o.131- 0644
B 0.062-0.13
B 0.0422-0.0619
[ 0.0203 - 0.0421
[ o.00878 - 0.0202
[ 0.00414 - 0.00877
[] 0.00275 - 0.00413
[ 0.00217 - 0.00274
B 0.00151 - 0.00216
B <0.00151

200000
1

150000
1

T

b Cardigan

%8

'chlt:szle y
Ermbin,
b3 N Uandavery

A forg

i

z ury
torboge |
Bursha- | ) v“‘“u'ﬁ:‘}‘“:%ﬁ -

over.

S S
F-”l 4 ;&éng
i rd <
; ,\lr"v.,(,,m. —- 7‘

oo |
oI\ inehead  Heidguater Sy DA

y,
T sateiah

o

(=]
=
=3
memy:ldkmmd
) L
8-
2
ENGLISH CHANNEL
by ey 01020 40 60 80 100
EN N s . km
o

N Suffolk Coast

and Heaths

S

Jrdnton-on-sea

g
~ Clacton-on-Sea
ey
N
von Crouch
on-Sea
S FEOUTHEND-ON-SEA
Tibea] Thames £
T Eniny . Sheerness.
S L S
ﬁ; huch Gy TSN e
e T o [ rosdeois
L e ~ =~ Ramsgate

T
150000

T T
250000 350000

381

T
450000

T
550000

T
650000



100000 150000 200000

50000

Provisional Geochemical Image

Stream Water

Zn (ugl/L)
B 202700
B -0
B -2
B 4- 1
[]2-39
[ oss-19
[ Joes-0.904
[ 05-064
Bl o32-040
B <0

Tamar Catchment

P acdigan ¢ i KT
A Tpremint ) Wolls
Newtastle: %R ) Y
mbjo, 3 - l
i H Uandavery 4

Hfracor)

(<3~

e
Hi -

\
Taunton iz
vearone 7 Y

5

Cullompton

C MR\
e 20

EveshamL__ 7 Eutt
¢ ™
flw_%rud N\ s

e
o) i \ " < \Lute /Bishop Gre: P Kb
ot ¢

ke

) s{ﬁi?ﬂ "‘;‘ AR

b4 QB Scotwoids | |

(7 Vo e

f s ST N Fars
NI pingd

&

B oy,

adonBL R 4

TR\ £
" Wariage T PO

= J

<&
T

rd

B cysimin
farrey il

S N
$he_or

Abbotsbe P A Q -
NG 'Weymouth
Forunesweld,
Pttt
i

ENGLISH CHANNEL

01020 40 60 80 100
ENE S mskm

50 0s?

™S

\ o
aShalford YCirancester s o T 5 e
A Skl ) ¥ \ ) L N g B AR

~ N
S=ISOUTHEND-ON-SEA
Thames Exmory

T
150000

T
250000

382

T T T
350000 450000 550000

T
650000



100000 150000 200000

50000

Provisional Geochemical Image

1 [ 1
B - DCardigan ¢ — w: 7 = 3 = i r“”(\‘%\\}!:m.mr ) % mw\e& Y = T T el =X M"‘m:”
o w0 e 7 MalverrgHilts ¢ o ~ gt Yy ! v; % o s N % ‘and Heaths
Stream Water oo TN PR Y MW ) [~ a2 R ; R P i a7
I o\ £ Landiyery)d s i LS | SR A L B I { " ) Vale %
: ! 4 Keyn 3 4

Tamar Catchment

Zr (ug/L) : G} ;
B os7 e v ] st el SR s il A o s + BT e B iy el

671 - 3.406 d ¥ (fem P = g '}\ end) ‘ < or “::g'_ . . P N
B o221-0338 ; LW ~ % Atg : BT
[ o11-022 ]
| |o.o47-o.109 - T 7 g I e : 1 :
[ 0.019-0.046 O e e R S T W TN A CRALALNY O b e ¢
[Joot-o0018 “a R~ W e Vg ok :\";‘9 chupgfine s o

fsarrey Fills

Barmitaple

S gwat s \ 3 7 Hew 5 3 - 7 v
[ o.007 - 0.009 AR Lo N [ B AR e, A
. . e’ o1 o , W) i vl Nfbne- of Ag~fiwrerms
B o003 -0.006 P S X" % e S o Wk~ : Ty P
ﬁ ) X®_ @ = & ‘ e

B -o0.003

Hi
Cullompton

-
:
$e

Abbotsbur

tyme By y
Bawish chickers TN Weymouth
T - -

Pttt
i

X

e el
olperro iy
eagisey

ormwall

Wi g ENGLISH CHANNEL

o m{;” 01020 40 60 80 100
W T KM

T T T T T T
150000 250000 350000 450000 550000 650000

383



