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Foreword

This report gives details of the quality control work undertaken on the stream water samples
collected for the purpose of regional geochemical mapping in Northern Ireland in 2005. These
data are assessed as to whether they are fit-for-purpose, with additional comment made as to any
extra provisos that are considered applicable to specific samples, or analytes, during any detailed
follow-up work on small areas/ groups of samples. Methods used are those of the G-BASE
project of the British Geological Survey, following on from the adoption of G-BASE sampling
protocols.

Comparison with the samples collected in the period 1994-1996 by the G-BASE project do not
form part of this work.
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Summary

Stream water samples were collected at a total of 3069 individual sites in the 2005 sampling
campaign in Northern Ireland. These were submitted, with a full complement of control samples,
for analysis for a suite of 57 analytes. Analysis was performed under contract by ALcontrol
Laboratories NV, of the Netherlands. ALcontrol subcontracted some of the analyses to the
Geological Survey of Finland (GTK). The data reported for these analytes have been considered
by reference to their abundance in relation to the detection limit of the method, and in
comparison with various control samples which were “blind’ to the analysts, submitted as part of
the routine batches.

These checks have produced information on the quality of the data, and any causes of increased
uncertainty which should be recognised in the presentation and interpretation of results.
Levelling was applied to the Ba and Sr data (described in section 7.2). It has been found that,
with a few exceptions, the data is fit-for-purpose and checks using provisional geochemical
images have confirmed this. A summary of this information, listed by analyte, is provided below:

Analytes with no significant  Al, As, B, Ba, Be, Br, Ca, Cd, Cl, Co, Conductivity, Cr, Cs, Cu,

limitations identified in this DOC, F, Fe, HCO3, Ho, K, La, Li, Mg, Mn, Mo, Na, Ni, NO,,

report (n = 47): NOgs, P, Pb, pH, Rb, Sh, Si, SO, Sr, Th, Ti, Tl, Total alkalinity,
UV, WY, Zn, Zr

Analytes where most (>99%)
sample site data is below the  Ag, Au, Bi, Pd, Pt, Rh, Se
detection limit:

Analyte where blank water
concentrations compromise Sn
sample site data:

Analyte with no measurable
data by a semi-quantitative Hg
analytical method:

Vi



1 Introduction

This report describes the quality control of laboratory analysis of stream waters collected in
Northern Ireland in 2005 under the Tellus projects at the Geological Survey of Northern Ireland
(GSNI). The project was undertaken for, and financed by, the Department of Enterprise, Trade
and Investment (DETI). The analytical work was undertaken by ALcontrol Laboratories of the
Netherlands, under a contract awarded by open tender through the Northern Ireland Central
Procurement Directorate. Further details of the field campaign can be found in Knights (2007).

All methods of sample collection and field-office procedures were as detailed in Johnson (2005).
An additional sample was collected in the field. This unfiltered 30 ml sample was collected for
the benefit of researchers in Queens University Belfast, concentrating on isotope analysis, and
will not be discussed in this document. A non-conformity occurred in the storage and transport
of samples after they left the field team. The samples were removed from the re-sealable plastic
bag in which they are normally stored (Johnson, 2005, section 14.4), and stood on the shelf of
the fridge in the Carrickfergus store. This store was also used for the storage and drying of
stream sediment and soil samples, and the storage of field equipment. This may have increased
the potential for random or systematic contamination. The water samples were then transported
in a bulk container (F/A and F/UA) to the receiving laboratory in the Netherlands (ALcontrol). It
is not clear how the F/A samples were transported to the GTK Laboratory from the Netherlands.

The methods used in this report follow the protocol of the Geochemical Baseline Survey of the
Environment (G-BASE) project (Ander, in prep.), with the exception of using CRMs, which are
not inserted by G-BASE. The SRM/CRMs were submitted whilst the samples were in
Carrickfergus core store, rather than by the field teams.

Sample checklists were not dispatched in either paper or digital form with the samples when they
were sent to ALcontrol (for forwarding to GTK in the case of F/A samples). These were
compiled and sent directly to both laboratories as part of the QC process, and were updated for
the samples collected in October and November when they were dispatched to ALcontrol.
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2 Samples submitted

A total of 3322 stream water samples were collected in 2005, the location of which are shown in
Figure 1. These were from 37 ‘hundreds’, with the numbers of samples submitted in each
‘hundred” shown in Table 1; the spatial location of these *hundreds’ is shown in Figure 2. In
addition blank waters and standard reference materials were added to the samples for analysis, as
part of the quality assurance methodology.

Of all the drainage sites sampled, 63 were ‘dry sites’ (Figure 1), with stream sediment and
panned concentrate sampling carried out as detailed in Johnson (2005), but with no stream
waters occurring at the time of sampling.
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Figure 1 Location of stream sample sites, showing the location of monitor, duplicate and
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Table 1: Summary of aqueous samples by sampling batch

Hundred | Total | Stream | Duplicate | Blank | Standards | Monitor | Start date | Last date
number | water site* waters sites of of
sample | samples sampling sampling
sites
563000 96 64 0 4 23 5 | 05/05/2005 | 10/05/2005
563100 98 87 4 2 3 2 | 04/07/2005 | 07/07/2005
563200 100 84 4 2 3 7 | 04/07/2005 | 13/07/2005
563300 97 81 4 2 3 7 | 06/07/2005 | 14/07/2005
563400 99 82 4 2 3 8 | 10/07/2005 | 19/07/2005
563500 99 85 4 2 3 5 | 12/07/2005 | 19/07/2005
563600 98 84 4 2 3 5 | 18/07/2005 | 26/07/2005
563700 99 88 4 2 3 2 | 17/07/2005 | 21/07/2005
563800 92 80 4 2 3 3 | 22/07/2005 | 29/07/2005
563900 98 85 4 2 3 4 | 21/07/2005 | 27/07/2005
564000 93 81 4 2 3 3 | 27/07/2005 | 04/08/2005
564100 98 87 4 2 3 2 | 25/07/2005 | 30/07/2005
564200 100 87 4 2 3 4 | 31/07/2005 | 05/08/2005
564300 100 87 4 2 3 4 | 29/07/2005 | 03/08/2005
564400 95 81 4 2 3 5 | 05/08/2005 | 10/08/2005
564500 95 81 4 2 3 5 | 01/08/2005 | 09/08/2005
564600 99 88 4 2 3 2 | 10/08/2005 | 17/08/2005
564700 100 87 4 2 3 4 | 05/08/2005 | 10/08/2005
564800 98 85 4 2 3 4 | 15/08/2005 | 20/08/2005
564900 100 85 4 2 3 6 | 09/08/2005 | 19/08/2005
565000 97 85 4 2 3 3 | 19/08/2005 | 25/08/2005
565100 100 87 4 2 3 4 | 18/08/2005 | 23/08/2005
565200 100 85 4 2 3 6 | 23/08/2005 | 30/08/2005
565300 98 83 4 2 3 6 | 22/08/2005 | 29/08/2005
565400 97 83 4 2 3 5 | 28/08/2005 | 02/09/2005
565500 100 84 4 3 4 5 | 29/08/2005 | 02/09/2005
565600 98 85 4 2 3 4 | 01/09/2005 | 08/09/2005
565700 100 87 4 2 3 4 | 02/09/2005 | 09/09/2005
565800 98 86 4 2 3 3 | 07/09/2005 | 12/09/2005
565900 98 86 4 2 3 3 | 08/09/2005 | 13/09/2005
566000 100 88 4 2 3 3 | 10/09/2005 | 16/09/2005
566100 99 87 4 2 3 3 | 12/09/2005 | 16/09/2005
566200 97 81 4 2 3 7 | 14/09/2005 | 21/09/2005
566300 100 88 4 2 3 3 | 15/09/2005 | 20/09/2005
566400 98 88 4 2 3 1 | 18/09/2005 | 22/09/2005
566500 70 54 0 0 13 3 | 20/09/2005 | 22/09/2005
566600 74 30 0 3 40 1 | 22/09/2005 | 23/11/2005
Counts:
37 3577 3034 76 136 179 152
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The sample number within the ‘hundred’ which are used by control samples are specified in
Table 2 for the four random number lists used in 2005 sampling. In addition to these normal
control sample positions, extra standards were inserted into sample positions in hundreds 503000
and 566500. The extra sample shown in Table 2 (-A), was reclassified to a normal sample
number (as non-numeric fields are not allowed in the Geochemistry Database) and included in
566600, so this hundred also has control samples in sample site positions. The extra sample
means that there can be a maximum of 101 samples in each ‘hundred’. Two filtered (<0.45 um)
water samples were collected at each drainage, or monitor, site. The sample contained in a
Nalgene 60 ml HDPE bottle was labelled ‘F/A’ in addition to the sample number, and acidified
to 1%v/v with Aristar HNOs on return to the field office in the evening. The sample contained in
a Nalgene 30 ml bottle was labelled ‘F/UA’, in addition to the sample number, and stored in the
fridge on return to the field office in the evening. Full details of the sampling and data recording
methods employed in the field can be found in Johnson (2005).

Table 2: Stream water 2005 control samples

Random number list 1 2 3 4
Filtered blank water 10 62 44 03
Unfiltered blank water 75 14 75 32
Standards 11, 22, 68 28, 43, 80 17,87,91 30, 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
‘Armoy’ sub-sample* 76-A 31-A 04-A 71-A

* An additional standard sample inserted into each aqueous ‘hundred’. Post-analysis these have
been re-coded to form part of the 5666xx series, in order to permit these data to be incorporated
into the Geochemistry Database raw data table.
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3 Sample data receipt from the laboratories

31 GTKDATA

Once the samples had been received at GTK (which was delayed from the initial contract
specification), they were sorted and analysed in numerical order as requested in the contract. The
analytical data were supplied in timely fashion (to ALcontrol initially), in accordance with the
revised timetable which was submitted by GTK once they had received the first dispatch of
samples. Dr Eeva Kallio was the point of contact for queries, which were always addressed in
timely and helpful fashion. Ongoing verification of the data suggested that it was of good
quality, and this is borne out by the work presented in this report.

3.2 ALCONTROL DATA

After the initially late dispatch of samples ALcontrol failed to compile these into numerical
order, and did not analyse in numerical order. Experience in the G-BASE project (although only
on the scale of 100 samples in that case) shows that such an approach is far more likely to lead to
sample number identification errors, especially when combined with an incomplete sample
checklist.

In the early stages of data reporting several problems occurred which were identified in the data
verification process as are summarised below. These difficulties were resolved by email
communication, and fewer errors were observed as the project progressed.

= Data transposed into the wrong analyte column (anion data) for part of a data file (start
and end of the file correct, middle in error). An example of this was the transposition of F
and Cl data. Several of the other analytes were then corrected in later versions.

= Samples not analysed in numerical order (all data).

= Batches 87570-87574 of GTK data not forwarded on to GSNI until after the next
reporting of 5 batches had been sent.

= Sample data reported for a series of samples which had previously been correctly
identified by ALcontrol as missing from the number sequence.

= OQver-range NO;z; data (due to the submission of SLRS-4 as an F/UA sample) were
initially reported as below the detection limit. This raised concerns as to whether this
could affect sample site data.

= No versioning of data reported, or inclusion of any batch/ laboratory number. Analysis
dates were supplied but these were not in a format that could be easily read as a date by
software.



4 Analytical methodologies

A summary of the analytes which were requested from the laboratories, and those determined by
the field team, is given in Figure 3. This section describes the analyses undertaken on each
aliquot collected, and the number of samples analysed.

Blue: ICP. Green: IC.

Aqueous physico-chemical determinands: =
conductivity, pH, bicarbonate, NPOC : € ' g i R

Na Mg Al Si P S Cl Ar
K Ca Sc Ti A% Cr Mn Fe Co Ni Cu | Zn Ga Ge As Se Br Kr
Rb  Sr Y Zr Nb Mo Tc | Ru | Rh  Pd Ag Cd| In | Sn | Sb Te 1 Xe

Cs Ba ‘La Hf Ta W Re Os Ir Pt Au Hg TI Pb Bi Po At Rn

"Lanthanides | Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yb Lu

“Actinides . Th = Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr

Figure 3: Periodic table showing the analytical suite on the 2005 Northern Ireland samples

41  UNFILTERED WATER SAMPLES

Unfiltered water samples were collected at each site to permit the determination of pH on the
evening of collection and conductivity and total alkalinity the following morning. The pH
sample was collected in a 30 ml bottle and that for conductivity and alkalinity in a 250 ml bottle.
The samples were analysed according to the methods detailed in Johnson (2005). The detection
limit for the alkalinity titration varies depending upon whether the titration is undertaken with
1.6N H,SO,4 or 0.16N H,SO4. However, the titration should be repeated with 0.16N H,SOy if it is
below the detection limit of 1.6N H,SO,, thus the 0.16N H,SO, detection limit is the value
reported in Table 3. A summary of the sample numbers analysed for these parameters in the field
is provided in Table 4. The ‘missing’ samples are as a result of samples not being collected, or
the suspended solid content being too high to allow measurements to be taken. These absences of
data affect 11 sites in total, with 3 having no field chemical data (563192, 565146, 566119).

Both the north and south field teams had considerable problems with pH meters during the early
part of the field season, with pH analyses having to be held over by up to 6 days (08/07/05 to
15/07/05 in the “south team’ and 30/07/05 to 03/08/05 in the “north team’). The monitor site data
is used to establish whether this could have had a systematic effect on the pH values
subsequently measured. In all these cases pH samples and the calibration standards were stored
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in a fridge from the time of return to the field office, before being allowed to equilibrate to the
temperature of the room, when they were analysed. The results of this are shown in Section 8.

Table 3: Field-based analytical methodologies with associated detection limits

Analyte A:;m:)%al Accredited? megglljtrse;fent Detection limit
pH Probe No pH units n/a
Conductivity Probe No uS cm™ 10
Alkalinity Titration No mg I'* CaCOs 0.05

Table 4: Field-based analysis sample tally

Sample type

Sample count - pH

Sample count -
conductivity

Sample count -
alkalinity

Blank waters

n/a

n/a

n/a

Duplicate/replicate
samples

68 (34 sites)

68 (34 sites)

68 (34 sites)

Monitor sites 151 151 151
Standards n/a n/a n/a
Sample sites

(excluding ‘Duplicate 3030 3025 3026
A’ sites)

Sample sites 3065 3060 3061
‘Missing’ samples 4 9 8
Total analyses 3250 3245 3246
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4.2

FILTERED WATER SAMPLES

The filtered water samples were submitted to ALcontrol Laboratories NV for analysis.
ALcontrol subcontracted analysis of the F/A samples to the Geological Survey of Finland
(GTK). The laboratories of GTK undertook analyses of the F/A sample by both inductively
coupled plasma atomic emission spectrometry (ICP-AES) and inductively coupled plasma mass
spectrometry (ICP-MS). Table 5 details the method of analysis used by GTK for each analyte, its
reported detection limit and whether the method was accredited or not under 1SO 17025.




Table 5: Analytical methods used by GTK, with associated detection limits

Analyte Analytical Accredited? Units of Detection limit
method measurement
Ag ICP-MS Yes ug I 0.01
Al ICP-MS Yes ug I* 0.5
As ICP-MS Yes pg I 0.05
Au ICP-MS No ug I 0.1
B ICP-MS Yes ug I 0.5
Ba ICP-MS Yes ug I 0.05
Ba ICP-AES Yes ug I 2
Be ICP-MS Yes pg I 0.05
Bi ICP-MS Yes pg I 0.02
Br ICP-MS Yes ug I* 10
Ca ICP-AES Yes mg I"* 0.1
Cd ICP-MS Yes pg I 0.02
Co ICP-MS Yes pg I 0.02
Cr ICP-MS Yes pg I 0.2
Cs ICP-MS Yes ug I" 0.01
Cu ICP-MS Yes ug I* 0.1
Fe ICP-AES Yes mg I 0.01
Hg ICP-MS No ug I n/a
Ho ICP-MS Yes ug I* 0.001
K ICP-MS Yes mg I"* 0.01
K ICP-AES Yes mg I"* 0.5
La ICP-MS No pg I 0.001
Li ICP-MS Yes ug I 0.02
Mg ICP-AES Yes mg I"* 0.1
Mn ICP-MS Yes ug I 0.02
Mn ICP-AES Yes pg I 1
Mo ICP-MS Yes pg I 0.02
Na ICP-AES Yes mg I 0.2
Ni ICP-MS Yes ug I* 0.05
P ICP-MS Yes ug I* 10
P ICP-AES Yes pg I 50
Pb ICP-MS Yes ug I 0.05
Pd ICP-MS No ug I 0.1
Pt ICP-MS No ug I 0.02
Rb ICP-MS Yes ug I* 0.01
Rh ICP-MS No ug I 0.01
Sb ICP-MS Yes ug I 0.02
Se ICP-MS Yes ug I 0.5
Si ICP-AES Yes mg I"* 0.06
Sn ICP-MS Yes ug I* 0.05
S04 ICP-AES Yes mg I 0.3
Sr ICP-MS Yes pg I 0.1
Th ICP-MS Yes ug I 0.01
Ti ICP-MS No ug I 0.5
Tl ICP-MS Yes pg I 0.01
U ICP-MS Yes ug I 0.01
Vv ICP-MS Yes pg I 0.05
w ICP-MS No ug I" 0.01
Y ICP-MS No ug I* 0.001
Zn ICP-MS Yes pg I 0.2
Zr ICP-MS No ug I 0.03
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A total of 3570 Tellus samples were analysed by GTK, plus their own quality control samples
(blanks and standards). Table 6 illustrates the number of different Tellus samples analysed
according to sample type. Of the ‘missing’ samples, 3 were actually impossible to filter and so a
F/A sample was never provided (although “field” chemical data exists), and 3 F/A samples were
lost at some point between sample collection and sample analysis.

Table 6: F/A sample analysis tally by sample tally

Sample type

Sample count

Blank waters

76

Duplicate/replicate samples

136 (34 sites)

Monitor sites 150
Standards 179
Sample sites (excluding ‘Duplicate A’ sites) 3029
Sample sites 3063
‘Missing’ sample sites 6

Total analyses 3570

Table 7 lists the number of analytical results reported for each sample hundred, providing
information on the laboratory batch number and any missing/ lost samples giving rise to total
sample number differences with respect to the number of original samples collected (Table 1).
GTK ran the samples in batches which reflected the ‘hundred’, and thus Figure 2 illustrates the
analytical batches, with the exception of 5666xx which was run in two separate batches.

The F/UA sample was analysed by ALcontrol Netherlands laboratories. Analysis was by ion
chromatography (IC) for selected anionic species in solution, and non-purgeable organic carbon
(NPOC) was measured by TIC/TOC analyser. NPOC is approximately equivalent to dissolved
organic carbon (DOC) in these filtered water samples. Table 8 lists the analytes, analytical
method, detection limits and whether the method was accredited. Table 9 then lists the numbers
of analyses reported for each control sample type and for sample sites.

The data summary provided for ICP in Table 5 has not been repeated for the anion and NPOC
analyses as the laboratory did not analyse the samples in numerical order (despite requests to do
s0), and did not provide any form of laboratory number / order number relating to groups of
sample numbers, or order of analysis. However, the location of samples by reporting batch (not
necessarily closely related in analysis date) are shown in Figure 4. Thus, whilst the raw data
tables do contain information on what order the samples were analysed in, it is too confused to
be able to provide a simple summary in this document. Table 10, therefore, only shows the total
number of samples reported by ALcontrol Netherlands for each hundred. The sample numbers
are lower than those for the F/A samples because one of the standards submitted had been
acidified (SLRS-4) and the additional samples submitted in each hundred (-A) (Section 2) were
not run at all. There was not seen to be any benefit in requesting that these were subsequently
run, as the purpose of standards is that they permit an understanding of sources of bias in the
data, and estimates of uncertainty, by being run in numerical order with the rest of the samples.

Page 10




Table 7: F/A sample analysis tally by ‘hundred’

Hundred | GTK analytical batch | Samples analysed | Samples missing
563000 87565 96
563100 87566 98
563200 87567 100
563300 87568 97
563400 87569 99
563500 87570 99
563600 87571 98
563700 87572 99
563800 87573 92
563900 87574 98
564000 87575 92 1
564100 87576 98
564200 87577 100
564300 87578 100
564400 87579 93 2
564500 87580 95
564600 87581 98 1
564700 87582 100
564800 87583 98
564900 87584 100
565000 87585 96 1
565100 87586 100
565200 87587 99 1 (monitor site)
565300 87588 98
565400 87589 97
565500 87590 100
565600 87591 98
565700 87592 100
565800 87593 98
565900 87594 98
566000 87595 100
566100 87596 99
566200 87597 97
566300 87598 100
566400 87599 97 1
566500 87600 70
566600* 87600 73
Total = 3570 7

* includes Armoy extra samples (-A) re-numbered post-analysis
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Table 8: ALcontrol Netherlands analytical methods and associated detection limits

Analyte Analytical method | Accredited? | Units of measurement | Detection limit
F lon chromatography Yes mg I 0.01
Cl lon chromatography Yes mg I 0.05
Br lon chromatography Yes mg I 0.02
NO, lon chromatography Yes mg I 0.01
NO3 lon chromatography Yes mg I 0.02
P lon chromatography Yes mg I 0.1
SO, lon chromatography Yes mg I 0.05
NPOC (DOC) | TIC/TOC analyser Yes mg I 0.5

Table 9: F/UA sample analysis tally, by sample type

Sample count

Sample count

Sample type (lon chromatography) (TIC/TOC analyser)
Blank waters 75 74
Duplicate/replicate samples 136 (34 sites) 136 (34 sites)
Monitor sites 150 150
Standards 151 142
Sample  sites  (excluding
‘Duplicate A’ sites) 3026 3026
Sample sites 3060 3060
‘Missing’ sample sites 9 9
Total analyses 3538 3528
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Table 10: Tally of samples analysed at ALcontrol laboratories, by hundred

Hundred Anions NPOC (DOC)
563000 96 96
563100 98 98
563200 100 100
563300 96 97
563400 97 98
563500 99 99
563600 97 98
563700 96 97
563800 91 92
563900 97 98
564000 92 93
564100 97 98
564200 99 100
564300 99 100
564400 92 93
564500 94 95
564600 98 98
564700 99 100
564800 96 97
564900 98 99
565000 95 96
565100 100 100
565200 99 100
565300 98 98
565400 96 97
565500 99 100
565600 97 98
565700 99 99
565800 96 98
565900 97 98
566000 100 100
566100 98 99
566200 96 97
566300 99 100
566400 97 98
566500 70 70
566600 36 37
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Figure 4: Sample location of the analytical batches reported by ALcontrol laboratories

Page 14




43  ANALYTES EXCLUDED FROM FURTHER CONSIDERATION

The sample collection and preservation method used for the F/A bottles are not appropriate to the
quantitative determination of Hg concentrations in water (as noted by GTK). Thus no detection
limit is quoted by the laboratories (Table 5), and no samples had detectable Hg in the F/A sample
split.

Also, preliminary inspection of the data showed that several analytes had natural abundances that
are at, or below, the detection limit for almost every sample analysed. These have not been
considered any further in this document. The criteria for this selection has been that >90% of the
sample data are below the detection limit, and that the maximum concentration is <5x the
detection limit value. Additionally a preliminary inspection of the location of those samples
where concentrations are detectable was undertaken to ensure that useful information on baseline
concentrations was not being lost. Thus most of the parameters shown in Table 11 have been
excluded, but Be (148 samples > 0.05 pg 1) and W (211 samples > 0.01 ug I'*) have been
included. Great care should be taken in undertaking anything more than a generalised
interpretation of much of the Be and W data, despite their inclusion, as most of these are very
close to the detection limit and hence have inherently greater uncertainty than data more than
10x above the detection limit. Data for Be, Bi, Rh, Se, W are shown in Appendix 1, in order to
illustrate the decision process. It should be noted that data was reported to the same number of
significant figures as given for the detection limit value, hence samples sites may have
concentrations which are numerically identical to the detection limit. A very high proportion of
the nitrite and phosphate data by IC are below the detection limit.

Table 11: Summary of ICP-MS analytes with most analyses below the detection limit

Analyte Detection Sample Samples | Samples Sample
limit sites sites < sites = sites >
(ng I'1) analysed detection | detection | detection
(n) limit (n) limit (n) limit (n)
Ag 0.01 3063 2990 72 1
Au 0.1 3063 3063 0 0
Be 0.05 3063 2887 28 148
Bi 0.02 3063 3027 30 6
Hg n/a* 3063 3063 0 0
Pd 0.1 3063 3063 0 0
Pt 0.02 3063 3063 0 0
Rh 0.01 3063 2613 433 17
Se 0.02 3063 3050 0 13
W 0.01 3063 2100 752 211

* see notes on methodology above
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5 Blank waters

Blank waters were inserted into each ‘hundred’ in two positions, one of which was filtered in the
same way as the samples, the other of which not filtered (Table 2), to allow identification of
filtering artefacts. These samples are labelled as F/A or F/UA irrespective of this, to allow such
procedural checks to be “blind’ to the analyst. Each F/A sample was acidified using the Aristar
HNOs in use in that week, whilst the F/UA sample was left unmodified. More detail on these
procedures can be found in Johnson (2005). This type of control sample only relates to analyses
undertaken post-fieldwork, and thus is not relevant to pH, conductivity and bicarbonate analyses.

The total number of blank waters submitted for analysis are shown below (Table 12). No blank
waters were inserted into the 5665xx “hundred’, thus the ICP and IC methods have reported all
the blank waters dispatched. Data for one blank water sample has not been reported by NPOC. In
interpreting the data, it should be borne in mind that the blank water samples for 5630xx appear
to have been inserted some months later, and thus the acid used may not relate to that used in the
F/A samples.

Table 12: Blank water analysis summary

Analytical Number of Number of
Problem analytes
methods analyses analytes
Sn (major)
ICP 72 46 Cr,Cu, V, Zn
(minor)
IC 72 -
TIC/TOC analyser 71 NPOC (DOC)

The analytes with which there are considered to be problems arising from the analysis of blank
water samples are identified in Table 12, with the full data shown for the ICP analytes of most
concern in Appendix 2. For these analytes the data reported are generally above the detection
limit (reported by the laboratories) of the method. An understanding of the significance of this is
even more critical where the detection limit is significant with respect to the natural abundance
of the analyte in stream waters over the survey area, or the concentration in the blank waters is a
substantial proportion of the concentration of the natural samples.

Several elements (Al, Ba, K, Mn, Rb) have blank samples which were measurable, but these
concentrations were either close to the detection limit, or insignificant in relation to the natural
abundance of the element in stream waters (gauged by looking at the concentrations in relation to
the 5™ percentile of the dataset). For these 5 elements, no systematic contamination could be
observed which would warrant any kind of blank correction to be applied. Other elements
determined by ICP which had greater problems were Cr, Cu, Sn, V and Zn.

In the case of Cr, 13 analyses were above the detection limit, with 7 of these being above the
dataset median value (0.33 pg I™"). However, no systematic variations could be observed that
relate either to filtration, field team or analytical sequence of the samples. Thus, no blank
subtraction has been undertaken, but it should be noted that samples could be affected by
isolated contamination.

Copper data shows that of the 15 samples above the detection limit, 6 were greater than the 10"
percentile of the dataset (0.1 pg I™). As with Cr, no systematic variation in the data that could
explain the results, or validate and blank subtraction exercise, could be observed. The natural
abundance of Cu in stream waters is somewhat higher than that of Cr, and thus whilst
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contamination may occur it is likely to be isolated in nature and may be of less significance that
any contamination of samples by Cr.

Vanadium data shows 16 samples over the detection limit, with 8 being above the 5™ percentile.
The comments made relating to Cu (above) apply equally to V. The Zn data shows the greatest
contamination, apart from Sn, with 22 samples above the detection limit, and 14 of those above
the 5™ percentile of the dataset. Once again, these data are not systematic in their nature, and as
for Cr, it must be borne in mind that some isolated samples may be affected by Zn
contamination.

Tin is the greatest problem in terms of the concentration of the analyte in the blank water
samples. A statistical summary of the results (Table 13) shows the concentrations in the blank
waters are greater than the detection limit in all but 11 of the 76 blank water samples. This is a
problem common to other projects of this nature (Ander, in prep.): the source of the
contamination is not clear and could relate to the acid used or the bottles. It is not thought to
relate to the 18 MQ water provided by the BGS Keyworth laboratory, as this is also used by
them for their reagent blanks, which are not affected by Sn contamination. If 0.194 ug I'* Sn is
taken as the detection limit calculated from the field blank waters (Miller and Miller, 1993), as
opposed to the laboratory blanks used by GTK, 98% of the data is below that concentration. This
indicates that the blank water concentrations are so large in relation to the sample concentrations
that it is not possible to correct for it using blank subtraction, and thus the Sn concentration data
for sample sites should not be used for any interpretation purposes. As a final check on this
method of comparison, the closeness of the median and the mean suggest that these assumptions
are not greatly affected by a skewed dataset.

Table 13: Concentration of tin in blank water samples

Summary values Sn (ug/l)
median 0.080
mean 0.084
standard deviation (o) 0.037
3o 0.110
mean+3c 0.194

The analytes measured by ion chromatography were satisfactory, with one apparently spurious
result for Cl (18.9 mg I"": 563410), which could be an analytical error, or the mis-identification
of a sample number (as occurs in the duplicate samples). The NO3 concentration was above the
detection limit in 16 of the blank water samples, with 7 being above the 15" percentile of the
dataset (0.09 mg I'). None of the concentrations are sufficiently high in the context of the overall
dataset (median 3.8 mg I™%) to give cause for concern.
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6 Duplicate and replicate analyses

Samples from 34 duplicate sites (Figure 1) were submitted for analysis, giving a total of 136
analyses. Initially the data for all analytes 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 data which is clearly in *catastrophic’ error. This obviously biases the data set and is
one of the subjective decisions made in the process. An example of this is given using the Ni
duplicate/ replicate data in Figure 5; the relationship of the duplicates and replicates
(subsamples) to each other is described in Figure 6. Conditional formatting of the data-file is also
used to rapidly show whether data are at or below the detection limit.
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Figure 5: Example output of the duplicate-replicate plotting: Nickel in stream waters

The method of analysis of the suite of duplicate and replicate sample data from each site is to use
the method of ‘fully nested analysis of variance’ (ANOVA). The suite of samples are shown
schematically in Figure 6 and the method of collection is described by Johnson (2005). Figure 6a
illustrates the relationship between samples and the ANOVA output for all laboratory data,
Figure 6b shows this information for the field chemical parameters (pH, conductivity, HCO3)
where replicates are not available. The value of such an approach is further described by Ramsey
(1998). The ANOVA analysis used includes a log-transformation step (except for pH), as many
such datasets are log-normal, and has been undertaken using an ‘in-house’ macro which allows
rapid batch processing of the data (Johnson, 2002); this code has been validated against
commercially available statistical software to ensure that it gives the same results. It is suggested
that the suggested maximum technical (sampling + analytical) variance is 20% for most
geochemical purposes (Ramsey, 1998).
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Figure 6: Relationship of duplicate and replicate (sub-) samples; (a) where subsamples can
be created; (b) where only duplicates are collected and no subsamples are created

Of the 38 ICP analytes remaining for consideration (see sections above), Table 14 indicates those
excluded from ANOVA analysis, because insufficient samples were above the detection limit to
allow the analysis to provide statistically significant data. Samples sites with any data reported as
negative numbers (as the procedure uses a log-transformation), or where data for a site were all
reported as identical values (and below the detection limit) were removed from the data set.

Table 14: Analytes excluded from ANOVA analysis

Analyte Duplicate/ replicate sets Duplicate/ replicate sets | Duplicate/ replicate sets
analysed >DL <DL
Be 34 1 33
Cd 34 5 29
Th 34 4 30
T 34 4 30
w 34 3 31

The analysis for the field data (where no replicates are collected) were run using Minitab
(version 13), with the duplicates providing an overall technical variance compared to the
geochemical (between site) variance. The results of ANOVA analysis for pH, conductivity and
HCOj3 can be seen to be very good (Table 15), and these data show no limitation of the use of the
data in regional geochemical mapping.

The ANOVA analysis was conducted on the remaining 32 analytes using an Excel macro

(Johnson, 2002). The results summarised in Table 15, include information on the sources of
variance in the data, and the number of sample sites used in running the ANOVA analysis.
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Table 15: ANOVA results

Element Between Site | Between Within Number
% Sample % | Sample % | of sites
used
Geochemical Technical variance
variance
Field
analytes:
pH 99 1 34
Conductivity 99 1 34
HCO3 100 0 34
ICP analytes:
Al 93 4 3 34
As 95 0 5 34
B 91 0 9 34
Ba 98 0 2 34
Br 96 0 4 34
Ca 100 0 0 34
Co 92 5 2 33
Cr 67 11 22 22
Cu 95 2 3 32
Fe 98 2 0 34
Ho 97 0 3 31
K 99 0 1 34
La 91 1 8 34
Li 97 0 3 34
Mg 100 0 0 34
Mn 86 12 2 34
Mo 100 0 0 34
Na 100 0 0 34
Ni 97 0 3 31
P 99 0 1 33
Pb 94 3 3 31
Rb 100 0 0 34
Sb 99 0 1 34
Si 100 0 0 34
S04 100 0 0 34
Sr 100 0 0 34
Ti 86 8 6 34
U 99 0 1 34
V 97 1 2 32
Y 99 0 0 34
Zn 85 8 7 34
Zr 91 0 9 33
IC analytes:
Br 64 13 23 30
Cl 100 0 0 33
F 97 0 2 33
P 74 0 26 17
NO3 93 3 4 31
S04 100 0 0 33
TIC/TOC
analyser:
NPOC 96 0 4 28
(DOC)
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It can be seen that Br by IC has a greater technical variance contribution than is generally
considered desirable. Bromine data can be used from the ICP-MS analysis, as this appears to be
higher quality data. The number of analytical pairs is reduced by one for all analytes, as there
was clearly a mis-identification/ very poor analysis of one sample, as shown in Figure 7.
However, in order to undertake ANOVA analysis further sets of data had to be removed from P
and NO3; where results were either reported as negative or zero values (and thus cannot be log-
transformed). It can be seen that the P data is very poor, this is likely to relate to both loss of the
soluble HPO, in solution between sampling and analysis, and the proximity of data to the
detection limit. The NPOC data is produced from only 28 sites, because two included values of
zero, and four were very poor replicates. These very poor replicates suggest a source of error
above and beyond the systematic errors associated and quantified by most QC methods. These
four sites could have been affected by mis-identification of sample numbers (which experience
shows to be more likely if samples are not sorted into numerical sequence prior to analysis),
degradation of the organic carbon by bacterial activity or sorption, or contamination in storage,
transit or the laboratories. The data are all plotted in Figure 8.
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Figure 7: Duplicate-replicate comparison of chloride data

Analytes by ICP are occasionally affected by negative values being included in the dataset, and
in this case the number of sites used has been decreased. Whilst the technical variance of Mn, Ti
and Zn is greater than most of the analytes, the only element of concern is Cr. The Cr data are
illustrated in Figure 9. In the case of Cr, interpretation of the data must include an understanding
of the greater uncertainties associated with the dataset, than is the case for many other analytes.
This understanding of uncertainty also needs to take account of the low natural abundance of Cr
in relation to the detection limit, and must be reflected in the presentation of regional
geochemical data particularly with the class intervals which are appropriate to use in interpolated
images.
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7 Reference material data

In each *hundred’ four standards were inserted (Table 2) in fixed positions according to the
random number list in use (Johnson, 2005). The results of these analyses, in sequence with the
sample site data, can be used to ascertain whether significant shifts have occurred between
analytical batches. Failure to correct for such bias between batches can lead to differences
between sampling regions which are artefacts of the analysis rather than due to geochemical
variability. Graphs illustrating the results for these analyses are given in Appendix 3.

Three of the standards inserted were collected in bulk in Northern Ireland from separate
locations to provide secondary reference materials (SRM). One of the samples used is SLRS-4
from the National Research Council Canada, which is an internationally recognised Certified
Reference Material (CRM) (National Research Council Canada, 1998). This allows a check on
the precision as well as the trueness of the data, leading to a better understanding of the overall
uncertainty (for terminology see AMC (2003)). Certified reference materials have also been run
by the laboratories concerned. The reference materials on which data have been reported are
summarised in Table 16. It can be seen that SLRS-4 has been used by both Tellus as a project
CRM, and GTK as one of their quality control samples, thus 3 results are reported for SLRS-4
for each hundred. These data are presented for those parameters for which there is a certified
value in Appendix 4. The value of this presentation is to establish whether there are any
systematic offsets between the GTK QC samples and those of Tellus, and to establish if there is a
significant lack of trueness of the overall sample site dataset which would need to be corrected
for, particularly in order to compare the data with regulatory standards. ALcontrol did not report
data for the Armoy SRM, and SLRS-4 is acidified with HNO3, so where data has been reported it
IS not appropriate to use information from samples which have had to undergo such significant
dilution prior to analysis.

Table 16: Reference materials reported for the 2005 Tellus stream water samples

Name of Type of Analyses
Source of
reference . reference reported Notes
. reference material .
material material (n)
Armoy Tellus project SRM 48 Reported by GTK only
Car Tellus project SRM 47 Reported by GTK  and
ALcontrol
Pal Tellus project SRM 47 Reported by GTK  and
ALcontrol

Reported by GTK only;

National - Research used by the project as a

SLRS-4 Ejl%ugrgll Canada CRM 111 blind sample and by GTK
as a laboratory CRM

National Institute of

NIST 1640 Standards & CRM 72 Reported by GTK only
Technology (2006)
Spectrapure

SPS SW2 Standards, Norway SRM 72 Reported by GTK only

QDW not recorded SRM 157 (Ijr«;—)l;))/orted by Alcontrol
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7.1  ANION AND NPOC DATA

The ALcontrol data has been presented in two formats, as shown in Figure 10a,b. Firstly in
numerical order (which would allow identification of any problems resulting from changes in the
SRMs with time) and by sequence (A-G) in which the data were reported (although it is not
always clear if this exactly the same as analytical sequence). Studying the data in analytical
sequence allows any artefacts between batches to be established.

Chloride, sulphate and fluoride can be seen to be very good. No assessment can be made of
trueness using these data as they are all from SRMs. The one spurious value is likely to represent
a mis-identified sample number. Nitrate data is not as good as the other analytes in the Pal SRM,
whilst that reported at lower concentrations for Car is very good (with a precision of £10% at a
mean of 0.66 mg I™"). The mean concentration of 7.1 mg I™* for the Pal SRM data which looks
like a coherent dataset is clearly exceeded in 10 of the 47 samples. This is shown in Figure 10,
where the mean £2 standard deviations is also plotted for the 37 samples which look sensible by
visual inspection. It is noticeable that the data which is in error occurs in two regions of the
sample numbers, but has no relation to the sequence in which data was reported. It thus seems
that there is a problem with the samples, but that this cannot be related to analysis directly, and
thus is not suitable for correction. It is also not a baseline shift in the calibration, as that would be
reflected in the Car data. What is apparent is that it is the data at the end of batches A, B, C, and
E that account for most of the uncertainty. An example plot comparing these data for batch A
with the sample site data is given in Figure 11. There does not seem to be any systematic
population shift, which also lends weight to the suggestion that there is no error correction
process which should be undertaken as a result of these data. As with all control samples
affected by unexplained sources of uncertainty, this information should be borne in mind when
undertaking interpretation of the data.
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Figure 10: Secondary reference material data for nitrate (a) data plotted in numerical
order (b) data plotted in reporting sequence
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Figure 11: Comparison of nitrate concentrations in samples and secondary
reference materials for reporting batch ‘A’.

The NPOC (DOC) data are also subject to not being run in numerical order and have two graphs
as for the anion data (Appendix 3). These data show a major positive displacement of some of
the extra standards inserted into hundred 5631xx in both Pal and Car SRMs (Figure 12), but there
IS no systematic pattern that can be discerned from the RNL sequence, the numerical sequence or
the analytical run sequence (Appendix 3). Additionally the Car data appear to show a baseline
shift in the ‘f* batch, however, the concentrations in Car are close to the detection limit and will
thus be affected by greater uncertainties. In batch ‘f* there do not appear to be similar shifts in
the Pal SRM data. There is also a potential positive shift in the batch ‘c’ data for Car, but not in
Pal. The Pal SRM data appears to be affected by a positive shift in batch ‘a’ in comparison to
subsequent data, that is not reflected in the Car data. In light of these conflicting perturbations,
corrections have not been made. The data for smaller subsets of samples should be investigated
carefully in any follow-up studies from the regional geochemical mapping.
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7.2 ICP DATA

The ICP data are presented in Appendix 3, with information on the certified value of SLRS-4
(where relevant) and the sample site data interquartile range, to establish some idea of the
relative importance of the 3 SRMs and 1 CRM to the dataset. For each reference material the
mean of the dataset is plotted as a control line on the plot in the same colour as the data points
for that reference material. In Appendix 4, the data are presented for the 16 analytes for which
SLRS-4 has certified values, and the Tellus CRM samples are compared with those inserted by
GTK (2 per hundred). For these plots the certified value and 95% confidence limits are plotted,
and the mean of the dataset is also drawn. These allow a form of visual t-test approach to be
taken, where it can rapidly be established if there are significant differences between the sample
data and the certified values, and any similarly whether any within batch variation is likely to be
significant and require further testing.

The analytes which show possible bias between batches are investigated further below, and the
other data shown in Appendix 3 and 4 do not show such variations.

7.2.1 BARIUM

There would appear to be a systematic offset in the data between batches 87571-87581
(inclusive) from those preceding and following these batches (Appendix 3). Summary statistic
calculation of the mean concentrations of the 36 samples between these laboratory numbers
compared with the rest of the samples are summarised in Table 17.

A regression equation of Y = 0.130 + (0.889X) has been derived by taking the data for the 36
samples outwith the batches of concern as the ‘accepted values’ and the mean concentration of
the 11 samples in batches 87571 — 87581 as the biased data. The regression was run in Minitab
software. These 11 lab numbers have a total of 1046 analyses of Ba by ICP-MS, including 935
sample sites. The results of applying this equation to the reference materials are shown in the
final column of Table 17 and in the corrected results in Figure 13. The sample sites affected by
this transformation are shown in Figure 14. When interpolated images (using the standard
G-BASE 10 classes) are compared the greatest difference is observed in the higher
concentrations in the Ards area of County Down, some of which move to lower percentile
classes.

Thus the correction is satisfactory and the correction applied to the sample site data is retained.

Table 17: Summary statistics of Ba in reference materials between batch groups

Standarg | Lab batch <87571or |  Lab batch 287571 Lagn%ai‘;h?:gf_’71
>87581 and <87581 -
corrected
mean concentration (ug 1)

Car 1.05 1.13 1.14

Pal 11.8 13.4 12.0
SLRS-4

(all data) 13.0 14.0 12.9

Arm 24.4 27.4 24.5
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7.2.2 CALCIUM

The calcium concentrations in the SRMs shown in Appendix 3 show excellent accuracy, with no
apparent systematic between batch variation. However, Appendix 4 confirms that the SLRS-4
concentrations, whilst accurate, are systematically lower than the certified reference value. This
offset from the value and 95% confidence limits of SLRS-4 is a very low actual concentration
(mean of 5.8 mg I", compared with a certified value of 6.2 +0.2 mg I™%). If the same uncertainty
is applied to the GTK data as quoted by NRC (which should be a ‘best case scenario’), then it
can be seen that the upper limit of the GTK data is coincident with the lower value of the NRC
values. Combining that information with the natural abundance of Ca in stream waters in the
2005 survey area (interquartile range of 24 — 50 mg I™) suggests that it would not be appropriate
or necessary at this stage to make adjustment to the Ca concentrations.

The only rider to this assessment will be upon combination of the Ca data with that from the
1990s survey, when analysis was undertaken at the BGS Keyworth laboratories, which will have
it’s own uncertainty associated with it.

7.2.3 SODIUM

As is the case for Ca, Appendix 3 illustrates SRM data with a very high accuracy. As is also the
case with Ca, the SLRS-4 data shown in Appendix 4 confirms the apparent negative bias of the
data. In this case application of the confidence limits values of the NRC data to the GTK mean
value gives a greater overlap between data distributions than occurs with the Ca data. As is the
case with the Ca data, the concentrations of Na in SLRS-4 are very low compared to the
interquartile range of the overall dataset (11-17 mg I™"). As a result of this further assessment of
the data, no adjustment has been made to Na concentrations, with the same rider as that attached
to the Ca data.

7.24 STRONTIUM

There would appear to be a systematic offset in the data between batches 87571-87581
(inclusive) from those preceding and following these batches (Appendix 3). Summary statistic
calculation of the mean concentrations of the 36 samples between these laboratory numbers
compared with the rest of the samples are summarised in Table 18.

A regression equation of Y =-0.059 + (0.940X) has been derived by taking the data for the 35
samples outwith the batches of concern as the ‘accepted values’ and the mean concentration of
the 11 samples in batches 87571 — 87581 as the biased data. The regression was run in Minitab
software. These 11 lab numbers have a total of 1074 analyses of Sr by ICP-MS, including 950
sample sites. The results of applying this equation to the reference materials are shown in the
final column of Table 18 and in the corrected results in Figure 15. The sample sites affected by
this transformation are shown in Figure 14. When interpolated images (using the standard
G-BASE 10 classes) are compared the greatest difference is observed in isolated regions of the
Ards district, with some concentrations dropping into lower percentile classes (as for Ba). Thus
the correction is satisfactory and the correction applied to the sample site data is retained.

Table 18: Summary statistics of Sr in reference materials between batch groups

Standard | Lab batch <87571 or Lab batch 287571 Lab batch 287571
>87581 (n = 36) and 87581 (n=11) and 87581 -
corrected values

mean concentration (ug 1)

Car 14.3 15.2 14.2
SLRS-4 28.7 30.4 28.7
(all data)

Arm 42.7 45.8 43.0
Pal 141 150 141
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7.25 ZINC

There is a large deviation apparent in the data for laboratory batches >565800 for the Car and Pal
SRMs. Isolated Arm samples are likewise affected, but there is no such effect on the SLRS-4
CRM material in either the GTK or the Tellus samples. Thus it is likely that the problem is
related to contamination of the SRMs towards the end of the period of storage and use (either via
contamination of the material itself or the sample bottles into which it was decanted for insertion
into the field sample batches). The problem is not likely to be related to evaporation, as that
would increase all parameters. Also, inhomogeneity problems would be expected to be reflected
in more than one analyte. On the basis of this evidence, no adjustment to sample site data is
proposed.
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8 Monitor site data

Samples were collected on a daily basis at a “monitor site’ from each field base, as described in
Johnson (2005). These stream sites are chosen on the basis of representivity of the region being
sampled from a field base and ease of access for daily sampling by field team leaders; their
location is shown in Figure 1, and details of each site are summarised in Table 19. Much of the
data is plotted and shown in Appendix 5, The purpose of sample collection at these sites is to
assist with determining whether any short term weather events (particularly heavy rainfall) could
affect the regional hydrogeochemical data, and result in artefacts on the interpolated geochemical
images. Another variable occurs in the pH data, where failure of pH meters occurred once in
each field team, leading to delays in analysis whilst spares were posted out from BGS Keyworth
(see Section 4). These data affected are highlighted in the plot in Appendix 5, and shown in more
detail in Figure 16. It can be seen that little interpretation can be made of the variations, although
it is possible that after two days storage there is a decrease in pH. This variation is not large
enough to warrant any form of post-analysis correction to the data. The sample site data is
plotted in Figure 17 by date, to show the locations with which most care should be taken in any
future use of the data, but comparison of the location of these data with the provisional
interpolated pH map (Figure 18) indicates that any systematic errors are not sufficiently large to
affect the spatial data distribution.

Table 19 shows the dates on which heavy rainfall is recorded in the field chemistry book, and are
thus most likely to have an influence on stream water chemistry. Some of these do appear to tie
in with minor perturbations in the monitor site data, such as that of pH at MSN2 around the 29"
July, which is also reflected in the Ca and HCOj3 data. However, in all cases these fluctuations
are small in relation to the overall dataset, and there is no indication from inspection of the
graphs that there was any weather event which affects the suitability of the data for regional
geochemical mapping.

8.6 t t t t t t t t t t t t t t t t t t t t 8.6
8.4 8.4
8.2 4 Epm® . ] 8.2
o0 ] 20;thte.am.'.‘.....'.00 ™ .. [ B -II-I 80
T 78 ® o $ - 7.8
Q761 o _oo 0o 00 %4 © ma"gy ppt fuffanalng
7.4 & °® 0, & o 7.4
7.2_Southteam 79
7.0 1 7.0
6.8 6.8

03 05 07 09 11 13 15 17 19 21 23 25 27 29 31 02 04 06 08 10 12
July August

Periods of pH meter failure

Figure 16: pH data affected by meter failure
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Table 19: Details of the monitor sites

(a) Location and dates

Monitor Site | Easting | Northing | Sample count | Start date | End date
M1 320209 | 321837 5 06/05/2005 | 10/05/2005
MSN1 279001 | 427356 18 05/07/2005 | 22/07/2005
MSN2 281979 | 394859 17 25/07/2005 | 10/08/2005
MSN3 307948 | 431724 21 13/08/2005 | 02/09/2005
MSN4 337784 | 400813 16 05/09/2005 | 22/09/2005
MSS1 320209 | 321838 19 04/07/2005 | 22/07/2005
MSS2 358203 | 348084 19 25/07/2005 | 12/08/2005
MSS3 299082 | 319609 18 15/08/2005 | 02/09/2005
MSS4 308219 | 352423 6 05/09/2005 | 10/09/2005
MSS5 306084 | 351166 12 11/09/2005 | 22/09/2005
(b) Stream environment information and observations.
Monitor | Stream . Drainage Mapped geology
Site order Drainage type condition Landuse (1:250,000)
M1 1 ‘Small stream’ ‘Moderate flow’ Rough Granite
grazing
MSN1 2 ‘Small stream’ ‘Moderate flow’ Rou_gh Basalt
grazing
MSN2 1 ‘Small stream’ ‘Low flow’ Rough Sandstone
grazing
MSN3 ‘Small stream’ ‘Low flow’ Pasture Quartzite
MSN4 3 ‘Stream’ ‘Strong flow’ Rough Basalt
grazing
MSS1 1 ‘Small stream’ ‘Moderate flow’ Rou_gh Granite
grazing
MSS2 3 ‘Small stream’ ‘Low flow’ Arable Sandstone
MSS3 1 ‘Drain’ ‘Low flow’ Pasture Granodiorite
MSS4 2 ‘Small stream’ ‘Low flow’ Pasture Basalt
MSS5 2 ‘Small stream’ ‘Moderate flow’ Rough Basalt
grazing

Codes and translations for these information are provided in Johnson (2005)

(c) Additional information

Monitor Site | Notes

M1 Training week; location re-used for MSS1.

MSN1 Heavy showers 5™, 7", 14" and 18" July

MSN2 Heavy showers 28" July and 2" August

MSN3 Heavy showers 21%, 22" 31 August and 1 September
MSN4 Heavy showers 5" and 9" September

MSS1 Heavy showers 5™ and 6™ July

MSS2 Heavy showers 28" July and 4™ August

MSS3 Heavy showers 19", 21% 24" 25™ and 31%' August
MSS4 Heavy showers 9" September

MSS5 Heavy showers 15" September
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9 Charge balance data

Charge balance is calculated as shown below (Equation 1). This relationship follows from the
essential condition of electro-neutrality in water and the fact that the eight major ions comprise
>95% of the total dissolved ions in most natural stream waters (Appelo and Postma, 1994).

(sum of cations — sum of anions)
(sum of anions + sum of cations)

Charge balance = x 100 Equation 1

Where “cations’ represents Ca, Mg, Na and K. ‘Anions’ represents HCO3, SO, Cl,
NOg, all converted to milli-equivalents per litre.

Convention dictates that with modern analytical techniques, there should be no greater charge
balance error than £5%. However, for the purposes of regional geochemical mapping acceptance
of data with a charge balance error of £10% proves perfectly adequate. It should be noted that if
sites are to be studied further at a local scale, the results of this calculation may need to be
revisited. Additionally, where the total of the cations or anions is <1 meq I}, then the charge
balance errors have been accepted irrespective of their value. This is because the analytical errors
will be much larger at such low concentrations. As long as visual inspection of this data confirms
that there do not appear to be errors on the scale of orders of magnitude, the concentrations are
fit-for-purpose for regional geochemical mapping. Applying these criteria, some 107 samples
had charge balance errors greater than +10% which warranted further inspection which are
reported in Appendix 6. These data are represented in Figure 19, and the distribution of areas
with very low total dissolved major ions are shown in Figure 20.
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Figure 19: Comparison of charge balance errors with TDS concentrations
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Plotting the location of these 107 (Figure 21) samples illustrates that most of them are
isolated, and generally exhibit no particular relationship to geology or sampling campaign
boundaries. The exception to this is the region of north-east Co. Antrim, where the is a
cluster of samples which are >10% charge balance error. Inspection of the provisional
images for these areas indicate very low major ion concentrations, but these samples also
have high concentrations of dissolved organic carbon (DOC). The exclusion of which from
the charge balance calculation could lead to an underestimate of negatively charged ions.
Additionally it was noticed that some data where the SO, concentrations appear to be the
source of the charge balance error (Appendix 6), these occur around north-east Co. Antrim
as illustrated in Figure 21. Thus the decision has been altered, and these data have been
retained as a result of inspection of the provisional SO, image, although they have had a
qualifier attached to their reliability if used in detail rather than for regional geochemical
mapping. These data are also coincident with elevated DOC concentrations.
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10 Analytical interferences and overlap analytes

10.1 CHECK ON ICP INTERFERENCES

Analytical interferences are corrected as part of the laboratory QC procedure. However, as a
final check, plots are made of selected element pairs which are known to be subject to
interferences. This is particularly useful in order to confirm that any positive anomalies
recognised during mapping are not artefacts of an interference.

Figure 22 illustrate the comparisons undertaken for this report. These plots are for Ni-Ca, Zn-Ca,
As-Cl, Cr-NPOC(DOC). It can be seen than none of them show a strong positive correlation,

suggesting that sample site data is not subject to under-corrected interferences.

Arsenic (ug/l)

Cr (ugfh

18

150 200 250 300 350 400000
Chloride (mg/l)

16 A

14 1

12 4

10 A

Wd@@o o o o
40 60 80 100
NPOC (mg/l)

Figure 22: Comparison of data with potential interferences by ICP

(@) Chloride on arsenic (b) NPOC on chromium
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10.2 BROMINE/ BROMIDE

Figure 23a illustrates the systematic bias between the ICP and IC methods of analysis. The
ICP-MS data have been used in this study because the overall uncertainties on the data appear to
be less than those from IC. It should be noted that the two methods are technically measuring
different parameters, as the ICP-MS is measuring total Br, whilst the IC is measuring Br".

10.3 SULPHATE

Figure 23b illustrates the systematic bias between the ICP and IC methods of analysis. The
ICP-AES data have been used in this study in order to avoid systematic bias between the 1994-
1996 data and these data when the data sets are combined for whole Northern Ireland
presentation.
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11 Statistical summary of data acquired from the 2005
samples

The data shown in Table 20 is a summary of all the data included in this report, with percentile
values provided appropriate to those included in the standard BGS geochemical regional

mapping presentations.
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Glossary

Term
ANOVA
CRM
DOC
FIA
FIUA
GTK
IC

ICP-AES
ICP-MS
NPOC
RNL

SRM

TDS

Page 48

Explanation
Analysis of variance (a statistical test)
Certified reference material
Dissolved organic carbon.
Filtered and acidified (a sample type)
Filtered, unacidified (a sample type)
Geological Survey of Finland (Geologian Tutkimuskeskus)
lon chromatography (an analytical instrument)

Inductively coupled atomic emission spectrometry (an analytical
instrument)

Inductively coupled plasma mass spectrometry (an analytical
instrument)

Non-purgeable organic carbon. The name under which DOC is
reported, but includes analytical method information, so is not strictly
an analyte.

Random number list.

Secondary reference material

Total dissolved solids. Measured in this report by summation of the
major ions in solution.



References

AMC. 2003. Terminology - the key to understanding analytical science. Part 1: accuracy, precision and
uncertainty. Analytical Methods Committee, Royal Society of Chemistry Technical Brief, No 13.

ANDER, E L. in prep. G-BASE quality control procedures for stream water data. (Keyworth: British
Geological Survey.)

APPELO, C A J, and POSTMA, D. 1994. Geochemistry, groundwater and pollution. (Rotterdam: AA
Balkema.) ISBN 9054101067

JOHNSON, C C. 2002. Within site and between site nested analysis of variance (ANOVA) for geochemical
surveys using Excel. British Geological Survey Internal report, IR/02/043.

JOHNSON, C C. 2005. 2005 G-BASE field procedures manual. British Geological Survey Internal report,
IR/05/97.

KNIGHTS, K V. 2007. A report on the Tellus field campaigns of summer 2005. British Geological Survey
Commissioned report, CR/07/005N.

LISTER, T R, and JOHNSON, C C. 2005. G-BASE data conditioning procedures for stream sediment and
soil chemical analyses. British Geological Survey Internal report, IR/05/150.

MILLER, J C, and MILLER, J N. 1993. Statistics for analytical chemistry (3rd edition). (Chichester: Ellis
Horwood.) ISBN 0130309907

NATIONAL INSTITUTE OF STANDARDS AND TECHNOLOGY. 2006. Certificate of analysis. Standard
reference material 1640. Trace elements in natural water. National Institute of Standards and
Technology, https://srmors.nist.gov/view_detail.cfm?srm=1640.

NATIONAL RESEARCH COUNCIL CANADA. 1998. SLRS-4 River water reference material for Trace
Metals. National Research Council Canada, http://inms-ienm.nrc-
cnrc.gc.ca/calserv/icrm_files_e/SLRS-4 _certificate.pdf.

RAMSEY, M H. 1998. Sampling as a source of measurement uncertainty: techniques for quantification and
comparison with analytical sources. Journal of Analytical Atomic Spectrometry, Vol. 13, 97-104.

Page 49



Appendix 1 — Maps of Be, Bi, Rh, Se and W reported
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Appendix 2

— Blank water concentrations

Red data are below the detection limit shown in row 2. All concentrations in g I™.

Sample

Standard

Number type GTK Batch Cr Cu Sn \' Zn
0.2 0.1 0.05 0.05 0.2

563010 BW First -0.2 -0.1 0.16 0.05 0.59
563075 BW First -0.2 -0.1 0.11 -0.05 0.73
563114 BW First 0.53 -0.1 0.05 -0.05 -0.2
563162 BW First 0.28 -0.1 0.07 -0.05 -0.2
563244 BW First -0.2 -0.1 0.08 -0.05 -0.2
563275 BW First -0.2 -0.1 0.1 -0.05 -0.2
563303 BW First -0.2 -0.1 0.06 -0.05 -0.2
563332 BW First -0.2 0.1 0.05 0.05 -0.2
563410 BW First -0.2 -0.1 0.09 -0.05 -0.2
563475 BW First -0.2 -0.1 0.12 -0.05 -0.2
563514 BW Third 0.02 0.04 0.1 0.01 0.12
563562 BW Third 0.06 0.03 0.09 0.01 0.21
563644 BW Third -0.03 0.03 0.06 0 0.18
563675 BW Third 0.17 0.03 0.06 0.06 0
563703 BW Third 0.08 0.08 0.08 0.03 0.3
563732 BW Third 0.14 0.1 0.09 0.05 0.15
563810 BW Third 0.28 0.01 0.07 0.1 0.08
563875 BW Third 0.42 0.06 0.06 0.13 0.32
563914 BW Third 0.06 0.02 0.05 0.05 -0.09
563962 BW Third 0.23 0.03 0.08 0.08 0.05
564044 BW Second 0.11 0.03 0.07 0.16 0.08
564075 BW Second -0.09 0.16 0.1 -0.03 0.16
564103 BW Second 0.06 0.06 0.08 0.03 0.03
564132 BW Second 0.09 0.03 0.08 0.03 -0.11
564210 BW Second 0.05 0.04 0.1 0.02 0.02
564275 BW Second 0.45 0.02 0.06 0.14 -0.22
564314 BW Second 0.45 0.04 0.13 0.17 0.06
564362 BW Second 0.13 0.13 0.12 0.03 0.59
564444 BW Second 0.32 0.03 0.05 0.12 -0.02
564475 BW Second 0.43 0.01 0.04 0.15 -0.1
564503 BW Fourth 0.21 0.12 0.03 0.13 0.31
564532 BW Fourth -0.03 0.02 0.09 0.01 0.13
564610 BW Fourth 0.08 0.02 0.08 0.03 0.1
564675 BW Fourth 0.06 0.02 0.14 0.03 0.07
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Sample

Standard

Number type GTK Batch Cr Cu Sn \") Zn

564714 BW Fourth 0.12 0.24 0.08 0.04 0.13
564762 BW Fourth 0.04 0.37 0.08 0.02 0.06
564844 BW Fifth 0.08 0.04 0.08 0.04 -0.05
564875 BW Fifth 0.09 0.02 0.06 0.03 -0.08
564903 BW Fifth 0.13 0.3 0.23 0.04 1.81
564932 BW Fifth 0.04 0.09 0.13 0.01 0.67
565010 BW Fifth 0.16 0.07 0.15 0.05 1.71
565075 BW Fifth 0.08 0.03 0.13 0.03 -0.01
565114 BW Fifth 0.03 0.07 0.13 0.02 0.47
565162 BW Fifth 0.09 0.04 0.08 0.04 -0.03
565244 BW Sixth 0.25 0.05 0.06 0.1 0.16
565275 BW Sixth 0.19 0.04 0.06 0.05 0.05
565303 BW Fifth 0.12 0.35 0.05 0.05 11
565332 BW Fifth 0.11 0.01 0.03 0.04 0.07
565410 BW Sixth 0.14 0.07 0.08 0.05 0.2
565475 BW Sixth 0.21 0.07 0.07 0.07 0.12
565514 BW Seventh 0.05 0.03 0.06 0.04 0.05
565562 BW Seventh 0.04 0.17 0.06 0.01 0.79
565644 BW Sixth -0.07 0.04 0.07 0.07 0.05
565675 BW Sixth 0.01 0.05 0.06 0.08 0.14
565703 BW Sixth 0.14 0.17 0.08 0.05 0.86
565732 BW Sixth 0.1 0.32 0.06 0.03 -0.08
565810 BW Seventh 0.18 0.1 0.08 0.06 0.2
565875 BW Seventh 0.45 0.03 0.07 0.17 0
565914 BW Sixth 0.06 0.03 0.06 0.02 0.06
565962 BW Sixth 0 0.13 0.12 0.01 0.66
566044 BW Seventh -0.01 0.04 0.05 0 0.11
566075 BW Seventh 0.1 0.03 0.06 0.04 0.09
566103 BW Seventh 0.03 0.09 0.1 0.02 0.45
566132 BW Seventh 0.03 0.13 0.09 0.02 0.52
566210 BW Eighth 0.06 0.07 0.12 0.03 0.36
566275 BW Eighth 0.11 0.44 0.1 0.04 1.17
566314 BW Eighth 0.05 0.02 0.1 0.02 0.09
566362 BW Eighth 0.01 0.04 0.11 0.01 0.24
566444 BW Eighth 0.19 0.17 0.01 0.05 0.67
566475 BW Eighth 0.11 0.15 0 0.04 1.94
566610 BW Eighth 0.05 0.03 0.17 0.03 0.11
566675 BW Eighth 0.09 0.02 0.11 0.04 0.07
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Appendix 3 — Reference Material plots
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Chloride control samples: SRMs
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Appendix 4 — Reference Material SLRS-4 data plots
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Appendix 5 — Monitor site data plots
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