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Section 1 Introduction

1.1 Background

The British Geological Survey (BGS) appointed CDM Smith Ireland Ltd (CDM Smith) to undertake
a programme of groundwater monitoring atitural springsacross theArneycatchment.The

Arney catchment straddkethe border between the Republic of Ireland and the United Kingdom
(Northern Ireland) This work was completed as part of the CatchmentCARE project.

Sixmonitoring events were carried out between November 2020 and August 2022:

z

A November 2020 A March 2022
A May 2021 A June 2022
A October 2021 A August 2022

Up to 16springswere monitored during each monitoring evenyith 81 samplesn total
collectedover thetwo-yearmonitoring period.

This report presents the fundamental hydrochemical characteristics oAtheycatchment

based on thesixmonitoring ewents. The hydrochemistry across the catchment is summarised, an
initial assessment of the water types is provided and potential anthropogenic pressures in the
catchment arediscussed

1.2  Site Background

TheArneycatchment straddles the border between the Régtic of Ireland andhe United
Kingdom Northern Ireland (Figurel).

Samples were collecteat up to 16 springacross the catchmenifhe number of data points
varies as some springs were dry/not flowing during summer monthsoardocation(Cleggan
spring)wasmonitored onlyonceand thenremovedfrom the monitoring programmeThe
locations and total number of saples are given below arttie locationspresented in Figure 1:

A Boylans Wel(n=6) A Tullyhone Cavén =5)

A Barran Springn =6) A Sulphur Wel{n =6)

A Barran Spring th =6) A Carrickmacsparroyn = 3)
A Tuam Springn = 6) A Mullyard Risingn = 3)

A Ture Risingn =6) A Marlbank Wes{n = 4)

A Hollywell(n =6) A Kiltomulty Springn =6)
A Hanging Rockn =6) A Mullaghdun Streangn =5)
A Cladagh Riveln = 6) A Cleggan Springn = 1)
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From theCorine 2018 Landcover datag€torine Landcover 20}, 8anduse across thérney
catchmentis predominantly agricultural pasturewith areas ofmixed and coniferous forestnd
some scattered peat bogs in the ¢aBeat bogsare common in the east of the catchment and
coniferousand mixed forests, moors and heathlandse common in the wesbf the catchment

Bedrockis comprisedof limestones andnudstone, sandstonéMullaghmore sandstone
formation, Glenade sandstone formation and Bellavalley formatimevaporites are at or

close tothe surface(GSNIGeolndey. Shale(Benbulbin shale and Bundoran Shaley coal
lithologies are present in theast.Lacustrine sediments are present surrounding Upper Lough
Erne to the north of the catchmerGSI Map ViewdrDetails of bedrock geology and
mineralogy are presented ihablel (GSNI Geolnde& GSI| Map View@r

Subsoilsacross theArneycatchmentare largely variable tilerived from both limestones and
sandstones and shalegth some alluviumand peat GSNIGeolnde). Soils argpredominantly
Stagnosols with somieptosols fluvisols and minocambisols in the eagtJK Soil Observatoyy
Histosols become more prevalent in the east.

The aquifer across theest of thecatchment iscomplexwith regionally important aquifers
(karstified) inthe east Aquifers in the east are locally important with flows predominantly in
fissures and discontinuitig&sSNIGeolnde}. TheArneycatchment aquifer vulnerakily
ISYySNIffeé& NIy3ISa FHEBYGedkdSLRIManigewdr SE G NBYS¢

Tablel Bedrock Geology and Mineralogy

Bedrock Geology General mineral composition

Bellavally Shale Formation (Mississippian Shale: at least 30% clay (Al, Mg, Si) with variou
{Asbian}) Grey micriteshale, laminate evaporite)| amounts of quartz (SK; can contain minor Li,
Na, K and Ti), feldspar (Na, K, Ca, Al, Si, O),
carbonates (Na, Ca)pn oxidegFe)and organic
matter (H, O, N, C). Micrite: €#te (CaCg)
Limestone: calcium bearing carbonate minerals
Mudbank Limestone (Carboniferous) (Ca, C, O)

Knockmore Limestone member (Mississippian | Calcite (CaCfpand dolomite (Mg(Cg) and
{Asbian}) Pale grey massive figmined Ca(Cg)

limestone)
Glencar Limestone Formation (Mississippian Dark limestone: Mainly Calcite (CafL@ith minor
{Holkerian}) Dark fine limestone and calcareous pyrite (FeS)

shale) Calcareous shale: mainly composed of Calcite
(CaCe@) with minor quartz (Si¢)

Benbulben ShalBormation (Mississippian Calcareous shale: Calcite (CaGQuartz (Sig)

{Holkerian}) Calcareous shale with minor Calcarenitecalcite (70 %), iromich dolomite (25

calcarenite) %), quartz (5 %) and traces of clay minerals (illit

Glanade Sandstoneofmation (Mississippian Orthoquartzite is almost exclusively composed (¢

{Asbian}) Pale orthoquartzitic sandstone quartz (SiQ)



https://land.copernicus.eu/pan-european/corine-land-cover/clc2018
https://mapapps2.bgs.ac.uk/GSNI_Geoindex/home.html
https://dcenr.maps.arcgis.com/apps/MapSeries/index.html?appid=a30af518e87a4c0ab2fbde2aaac3c228
https://mapapps2.bgs.ac.uk/GSNI_Geoindex/home.html
https://dcenr.maps.arcgis.com/apps/MapSeries/index.html?appid=a30af518e87a4c0ab2fbde2aaac3c228
https://mapapps2.bgs.ac.uk/GSNI_Geoindex/home.html
https://mapapps2.bgs.ac.uk/ukso/home.html?layer=AFBIWRB
https://mapapps2.bgs.ac.uk/GSNI_Geoindex/home.html
https://mapapps2.bgs.ac.uk/GSNI_Geoindex/home.html
https://dcenr.maps.arcgis.com/apps/MapSeries/index.html?appid=a30af518e87a4c0ab2fbde2aaac3c228
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Section 2 Methodology

2.1 Field Sampling Method

Grab samples we takenat all 16 locations

Field vater quality parametergtemperature, pHoxidationreduction potential(ORB,
conductivity and dissolved oxygen (D@ere measurean site

All samples for trace metal analyses were filtered in the field usibig@micronmembrane
filter beforefilling bottles containing nitric acigreservatve. New bottles supplied by the
laboratories were used for sample collection.

2.2 LaboratoryAnalysis

Analysis of water samples was undertaken by McQuillan Environmexriaim, Northern
Ireland, United Kingdorand Element Materials Technology (ElemeBi¢eside, United
Kingdom Both laboratories are accredited by the United Kingdom Accrediteéfienvice (UKAS)
in accordance with ISO/IEC 17025:2005.

Water samples were either collected by a courier on the day of sampling (McQuillan
Environmental) or dispatch by DHL to Element in UK.

Thelaboratorymonitored parameters fall into three groups:

1. Inorganic parameters52 parameters, including metalsajor anions and cations
macronutrients (nitrogen and phosphorus species), physicochemical parameters
(analysed bycQuillan Environmental);

2. Organic parameterst03 parameters, including pesticides, andéatticides gnalysed
by Element); and

3. Microbial parametersE. colj total coliforms andClostridium Perfngens(analysed by
McQuillan Environmental)



Section 3 Data Quality and Usability Evaluation

3.1 Introduction

Laboratory data quality and usalliwere assessed using data quality indicators (DQIs). Data

Gdzal oAt AGEeEeE YStya GKFG GKS REGE FNB OOSLII

of S

evaluations. The DQIs for assessing data are expressed in terms of precision and accuracy. These

DQk provide a mechanism to evaluate and measure laboratory data quality throughout the
project. The definitions and methods of measurement of precision and accuracy are discussed
below.

3.2 Precision

Precision is the measurement of the ability to obtain thensavalue on reanalysis of a sample
(i.e.,the reproducibility of the data). The closer the results of the measurements are together,

the greater is the precision. Precision is not related to accuracy or the true values in the sample;

instead,precision $ focused upon the random errors inherent in the analysis that result from

the measurement process and are compounded by the sample vagaries. Precision is measured

by analysing two portions of the sample (sample and duplicate) and then comparing thesresult
This comparison can be expressed in terms of relative percent difference (RPD). RPD is
calculated as the difference between the two measurements divided by the average of the two
measurementsas follows:

D: - D2

= x100
(D1*D2) X0.5
where:
RPD = Relative percentlifference
Du = First sample value
D = Second sample value (duplicate)

Acceptable RPD values for field duplicates are usually 50 % to 16@l#duplicates were
generated for this projectOnefield duplicate was collected each rountbtalling six fo the
project.

3.2.1 Field QA/QC Samples

The results are used to evaluate the combined reproducibility of both the laboratory analyses
and field sampling.

One duplicatesample per roundvas generated in the fiel¢(by filling two sets of bottlesand

sent blind to McQuillan Environmental for analysisable2 (monitoring events 1, 2 & 3) and
Table3 (monitoring events 4, 5 &) provide the results 062 parameters and the calculated RPD
between each pair of samples. Noteghere both the original and duplicate resudire less than

the limit of detection (LOD}Yhe RPDs zero.Where only one value igss than theLOD, halbf

the LODvalueA & dza SR (2 LISNXAG OFf OdA I A2y 2F (KS
indicated by grey fillTable cells with albe fill indicates an RPDgreater than50% but less than
150%. Yellow fild cellsindicates an RPDgreater than150%.

wt 5°
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Table2 Duplicate data and associated RPD (%), monitoring events 1,2 & 3

Sample Description

Raund 1

Kilomulty Spring

Round2

CCF06 (FSTC
Intermediate)

Round3

CCFO07 (BTC
DEEP)

Lab ref 077002 077003 082086 @ 082085 086071 086073

Date Sampled Units 19/11/2020 25/05/2021 ‘ 13/10/2021
Alkalinity,
Bicarbonate as CaCQ mg/I 399 407 2.0 170 195 13.7 140 135 -3.6
Alkalinity, Total mg/l 404 410 15 199 198 -0.5 148 138 -7.0
Aluminium (diss.filt) | ug/I 11.3 5 - <10 <10 0 19.1 18 -5.9
Ammonia as N mg/I 0.37 0.39 5.3 <0.11 <0.11 0 0.34 0.055 -
Anions ueq/l 9440 9530 0.9 5,900 5,900 0 4,600 | 4,340 | -5.8
Arsenic (diss.filt) ug/l 12.8 12 6.5 <0.5 <0.5 0 <0.5 <0.5 0
Barium (diss.filt) ug/l 267 252 -5.8 87.3 86.3 -1.2 27.2 27.1 -04
Boron (diss.filt) ug/l 18.8 23.8 235 13 o) -88.9 | <10 <10 0.0
Bromide mg/l 0.207 | 0.207 0 0.202 0.207 24 0.0873 | 0.0994 | 13.0
Cadmium (diss.filt) ug/l <0.08 | <0.08 0 <0.08 <0.08 0 <0.08 | <0.08 |0
Caesium, Dissolved | ug/l <1.0 <1.0 0 <1.0 <1 0 <1.0 <1.0 0
Calcium (diss.filt) mg/| 120 121 0.4 49.6 50 0.8 131 138 5.4
Cations ueq/| 9570 9580 0.1 5,600 5,700 18 4,190 | 4,300 | 2.6
Cerium, Dissolved ug/l <1.0 <1.0 0 <1.0 <1.0 0.0 - - -
Chloride as ClI mg/| 37 39.1 55 33.1 335 1.2 27.7 25.0 -10.2
Chromium (diss.filt) | ug/I <1 <1 0 <1 <1 0 <1 <1 0
Cobalt (diss.filt) ug/I <0.5 <0.5 0 <0.5 <0.5 0 <0.5 <0.5 0
Copper (diss.filt) ug/I 0.338 0.15 - <0.3 <0.3 0 <0.3 <0.3 0
Dissolved Organic
Carbon mg/l 5.07 5.28 4.1 3.08 3.53 13.6 <20 <20 0
Electrical
Conductivity uS/cm 885 894 1.0 557 559 0.4 442 439 -0.7
Fluoride as F mg/l 0.45 0.455 11 0.59 0.58 -1.7 1.67 1.65 -1.2
lodide* mg/l <0.1 <0.1 0 <0.1 <0.1 0.0 - - -
lonic Balance % 0.6 0.3 - -2.6 -1.7 419 | 47 -0.5 -162
Iron (diss.filt) mg/| 9.39 9.47 0.8 0.167 0.15 -10.7 <0.019 | <0.019 | O
Lead (diss.filt) ug/l <0.2 <0.2 0 <0.2 <0.2 0 <0.2 <0.2 0
Lithium (diss.filt) ug/l 7.69 8.04 4.5 19.8 19.8 0 12.4 12.7 2.4
Magnesium (diss.filt) | mg/l 22.7 22.6 -0.4 13 134 3.0 4.17 4.31 3.3
Manganese (diss.filt) | ug/l 93.3 90.7 -2.8 34.7 34.2 -1.5 8.73 8.05 -8.1
Mercury (diss.filt) ug/l <0.01 <0.01 0 <0.01 <0.01 0 <0.01 <0.01 0
Nickel (diss.filt) ug/l 1.21 1.15 5.1 <0.4 <0.4 0 <0.4 <0.4 0
Nitrate as N mg/| 0.58 0.04 -174 <0.08 <0.08 0 0.13 0.09 -36.4
Nitrite as N mg/| <0.05 <0.05 0 <0.05 <005 (O <0.05 | <005 | O
Nitrogen, Total mg/| <1 <1 0 <1 <1 0 <1 <1 0
pH Units 6.8 6.92 1.7 7.82 7.84 0.3 8.47 8.53 0.7
Phosphate, Ortho as
P mg/| <0.07 <0.07 0.0 <0.07 <0.07 | 0.0 <0.02 <0.02 0




ArneyCatchment Hydrochemistry RepdfiCatchmenCARE Project

Raund 1 Round2 Round3

CCF06 (FSTC CCF07 ¢(BTC
Sample Description Kilomulty Spring Intermediate) DEEP)

Lab ref 077002 077003 082086 | 082085 086071 086073
Date Sampled Units 19/11/2020 25/05/2021 ‘ 13/10/2021

Phosphorus (diss.filt) | ug/I
Potassium (diss.filt) mg/| 8.23 8.21 -0.2 11.9 12 0.8 7.05 7.47 5.8
Selenium (diss.filt) ug/l <1 <1 0 <1 <1 0 <1 <1 0
Sodium (diss.filt) mg/l 213 21.2 -0.5 39.8 40.8 25 68.8 70.5 2.4
Strontium (diss. filt) ug/l 1750 1700 -2.9 424 420 -0.9 236 234 -0.9
Sulphate as SO4 mg/| 115 11.2 -2.6 47.0 47.2 0.4 41.0 41.80 1.9
Total Dissolved Solid§ mg/I 528 526 -0.4 343 345 0.6 245 229 -6.8
Total Organic Carbon| mg/I 4.14 4.14 0 2.43 2.46 1.2
TotalOxidised
Nitrogenas N mg/I 0.58 <0.08 <0.08 | O

mg/|
True Colour Pt/Co 144 6.78 <1 <1 0 <1 <1 0
Turbidity ntu 92.1 88.8 3.21 3.64 12.6 0.93 1.03 10.2
Uranium (diss.filt) ug/l <0.5 <0.5 0 17.9 18 0.6 10.9 10.7 .
Zinc (diss.filt) ugl! 16 2.77 1.67 05 108 | 653 | 314 -

* Removed following absence of detections in any well

Table3 Duplicate data and associated RPD (%), monitoring evénts & 6

Round 4 Round 5 Round 6
Description (D-DIW-TRANS) FPBHO02 RW-BH-03
10135 10136 10579 10834
Lab ref(MCQ) 9 5 105794 6 108346 9
Date Sampled  Units 10/03/2021 ‘ 16/06/2022 25/08/2022
Alkalinity,
Bicarbonate as
CaCO3 mg/l 70.6 90 24.2 250 295 16.5 | 133 84.7 -44
Alkalinity, Total mg/l 70.3 89.6 24.1 280 274 2.2 119 105 -13
Aluminium
(diss.filt) ug/l 171 21.9 25
Ammonia as N mg/| <0.11 <0.11 0
Anions ueq/| 2820 3890 31.9 6720 6580 -2.1 | 3050 2850 -7
Arsenic (diss.filt) | ug/l <0.5 <0.5 0 0.674 0.882 26.7 | 1.77 1.8 2
Barium (diss.filt) | ug/l 79.9 77.8 2.7 163 163 0 25 243 -3
Boron (diss.filt) ug/l 18.9 115 -48.7 11.6 105 -10.0 | <10 <10 0
Bromide mg/l 0.0866 | 0.102 16.3 0.114 0.116 1.7 0.071 0.104 38
Cadmium
(diss.filt) ug/I 0.125 <0.08 <0.08 0 <0.08 <0.08 0
Caesium,
Dissolved ug/l <1.0 <1.0 0 <1.0 <1.0 0 1 1 0
Calcium (diss.filt) | mg/l 31.7 41 25.6 54 55 1.8 27.3 26.4 -3
Cations ueq/! 2480 3240 26.6 6350 6500 2.3 2540 2490 -2
Cerium, Dissolved| ug/l - - - - - - - - -
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Round 4 Round 5 Round 6
Sample CCDO08
Description (D-DIW-TRANS) FPBHO02 RW-BH-03
10135 10136 10579 10834
Lab ref(MCQ) 9 5 105794 6 108346 9
Date Sampled  Units 10/03/2021 16/06/2022 25/08/2022
Chloride as ClI mg/l 15.2 33.3 25.8 25.3 -2.0 19.1 20.4 7
Chromium
(diss.filt) ug/l <1 <1 0 1.05 1.13 7.3 <1 <1 0
Cobalt (diss.filt) ug/l <0.5 <0.5 <0.5 <0.5 0 3.81 3.83 1
Copper (diss.filt) | ug/l 0.388 1.93 1.93 2.04 5.5 <0.3 <0.3 0
DOC mg/l 10 3.1 3.4 3.4 0 4.7 35 -29
Electrical
Conductivity uS/cm | 298 410 643 642 0.2 | 285 260 -9
Fluoride as F mg/l 0.0614 | 0.022 0.304 0.286 6.1 | 0.0698 0.764 | 167
lodide* mg/l - - - - - - - -
lonic Balance % 6.5 9.1 333 -2.8 -0.6 -I 9.3 -6.6 -34
Iron (diss.filt) mg/| <0.019 | <0.019 | O <0.019 <0.019 | O 10.9 11.2 3
Lead (diss.filt) ug/l 0.343 0.325 -5.4 <0.2 <0.2 0
Lithium (diss.filt) | ug/l <1 <1 0 26.1 26.1 0 1.65 1.78 8
Magnesium
(diss.filt) mg/l 5.45 5.91 8.1 20 20.5 25 1.82 1.74 -4
Manganese
(diss.filt) ug/l 3.23 241 195 23.8 231 -3.0 | 1320 1290 -2
Mercury (diss.filt) | ugl/l <0.01 <0.01 0 <0.01 <0.01 0 <0.01 <0.01 0
Nickel (diss.filt) ug/I 0.585 0.481 -19.5 1.03 1.29 224 | 3.15 3.16 0
Nitrate as N mg/l 9.46 13 315 0.1 0.1 0 <0.08 <0.08 0
Nitrite as N mg/l <0.05 <0.05 0 <0.05 <0.05 0 <0.05 <0.05 0
Nitrogen, Total mg/l 9.22 125 30.2 <1 <1 0 <1 <1 0
pH Units 6.22 6.18 -0.6 7.87 7.87 0 6.56 6.47 -1
Phosphate, Ortho
as P mg/l <0.02 | <0.02 0 <0.02 <0.02 0 <0.02 <0.02 | O
Phosphorus
(diss.filt) ug/l <20 <20 0 77.9 75.7 -3
Potassium
(diss.filt) mg/| 23.3 23.8 2.1 <0.87 <0.87 0
Selenium (diss.filt) ug/| <1 <1 0 <1 <1 0
Sodium (diss.filt) | mg/I 9.65 12.9 28.8 325 33.4 2.7 8.82 8.74 -1
Strontium (diss.
filt) ug/l 140 166 17.0 1240 1250 0.8 68.4 67.7 -1
Sulphate as SO4 | mg/l 14.8 111 -28.6 18.3 18.1 -1.1 6.46 8.3 25
TDS mg/| 367 374 1.9 167 163 -2
TOC mg/| 3.3 3.2 -3.1 5 3.7 -30
TONas N mg/| 0.1 0.1 0 <0.08 <0.08 0
w
True Colour Pt/Co 4.48 4.47 -0.2 12.2 45
Turbidity ntu 0.616 0.427 -36.2 0.452 0.359 -229 | 644 81.8 24
Uranium (diss.filt) | ug/l <0.5 <0.5 0 46.8 46.7 -0.2 1.03 1.06 3
Zinc (diss.filt) ug/l 9.91 8.4 -16.5 3.44 3.49 1.4 16.5 10.3 -46

* Removed following absence of detections in any well
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The majority of RPD values were below 50%4otal, 260f the 312 (i.e., 8%9)f RPD > 50% but

less than 150%. There were seven instances of RPD > 150%. With one excegtien, t
exceedancebigh RPDs we generally associated witbw concentrationsand often with one

value being at th&eOD(and thus 0.5 x LOD used for the calculati¢igr manganese in the
monitoring eventfour duplicate, the recorded concentration weB23ug/Land 241 ug/L All

other parameters for these two duplicates are in line with expected values for a duplicate pair.
The manganese concentrations were checked with the laboratory who confirmed their accuracy
and suggested the deviation was due to a contamination issue at somé poin

Overall, he duplicate%RPD data are considered satisfactory.

3.3 lonic Balance/Charge Balance

Within a water sample, thamount of positive charges and negative charges should be gqual
resulting in archarge balance donic balance of close to zerDetermining the ionic balance of
a sample is a useful means of checking the laboratory analysis of ions have been carried out
correctly. Values of + 10% are satisfactory for this QA/QC test.

A description of the ionic balaeaata for the81 samples is presented below. Of tB& values,
72 were within £ 10%, with median value-Gf4%. From the remaining ones, two exceeded the
+ 10% but were within = 15% as follows:

A-11.1% (Cldagh River Lab ref: MCQ086108, sampled on 14/11/2021), and
A-12.6 % (Tullyhone Rising Lab ref: MCQ10788&thpled on 16/08/2022).

The remaining five exceeded the + 15% as follows:
A<-50 Barran Spring ab reMCQ105876sampled on 20/06/2022),
A-35.5% (Cladagh River Lab ref: MCQ076996, sampled on 19/11/2022),
A32.7% (Cladagh River Lab ref: MCQ101361, sanopld®/03/2022),
A-21% (Boylans Well Lab ref: MCQ105874, sampled on 20/06/2022),
A-39.8% (Kiltomulty Spring Lab ref: MCQ105875, sampled on 20/06/2022), and
A-36.9% (Boylans Well Lab ref: MCQ082185, sampled on 26/05/2021).

The laboratory checked the resultsrfsamples with elevated ionic balances and confirmed
analysis were correct and data accurafde laboratory noted that the results with inflated
negativeionic balances had high alkalinity, contributing to a higigativeanion result.The
Boylans Wel(Lab ref: MCQ082185, sampled on 26/05/20Rihic balance36.9%) had high
chloride TheCladagh RivegisampleLab ref: MCQ101361, sampled on 10/03/20R#hic balance
32.7 %) had high calcium and low content for iron, manganese and sulphate (<5 mg/l).

Oveall, the ionic balances were acceptable indicating good and complete analysis, with all
major anions and cations analysed.




Section 4 Data Summary & Interpretation

4.1  Summary Statistics

This section provides a statistical summary of the analyticalltefr major and minor

elemens, and trace elements (metalsgnd a comparison of the analytical results against
selected assessment criteria. Where the reported values were below the detectior{4in@D)
the values were substituted with a value adlhthe limit of detection(0.5 x <LOD) The

summary statistics apply t@all 81 samples collected during the six monitoring events across all
wells.

The summary statistics presented are briefly described below:
A WQS: water quality standard value/threshdttwhich the results are compared

A IGV: EPA Interim Guide Value (Towards Setting Guideline Valu&seBrotection Of
Groundwater In Ireland Interim Report
http://www.epa.ie/pubs/advice/water/ground/towardssettingguidelinevaluesfortheprote
ctionofgroundwaterinireland.html)

A GTV: Groundwater Regulations Threshold Va&ieNo.9 of 2010

A Source: WQSource

A LOD: laboratory analytical limit of detection

A Min: minimum detected value above tHeOD

A Mean: mean of dataset

A Maximum: maximum value detected

A Median: median value of dataset

A 97.7"percentile: 97.1 percentile of dataset

A No. of Samples: number emples analysed for this parameter

A No. of WQS Exceedances: number of exceedances &/ @sthreshold

A % of WQS Exceedances: percentage of values above the WQS threshold
A No. of Detections: number of values above the detectionit

A % of WQS Detectiongercentage of values above the limit of detection

Summary statisticef the field physicochemical water quality parameters along with major and
minor elements are contained ifable4. Table5 containsthe summarystatistics of the trace
metals (trace elementslxceedances of the respective WQS are indicated by orange highflight
the numberand percentageWQSexceedance.
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There were exceedans®f the respective threshold/WQS for the followinggjor and minor
elements(Table4):

>

Ammoniaas N(exceedance ndl8, or 22 %);

>

Fluoride(F)(exceedance ndll, or 14 9%);

>

Specificelectrical conductivity (SECJexceedance no. 8, di0 %);

>

Sodium(Na)(exceedance no. 6, at.4 %);

A Ortho-Phosphateas P(exceedance no. 6, or 7.4 %);
PotassiumK)(exceedance no. 3, @&%);and;

A Chloride(Cl)(exceedance ndl, or 1.2%).

There were exceedances of the respective threshold/WQS fomibils (trace elementg)lable
5):

>

Iron (F)(exceedance no. 17, ol2x4);

>

Barium(Ba)(exceedance no. 12, d5 %);

>

Manganese (Mn): (exceedance no. 8, or 102a};

>

Arsenic(As)(exceedance no. 2, &%).
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Table4 Summarystatisticsof field parameters, and major and minor elements

97.7th (\[o} (\[o}
percentile | Samples, Detections

No. WQS % WQS

% D ion
O DRI Exceedances Exceedances

Units Source Max Median

AmmoniaasN | g | 011 | 0065 | soT¥ | 0120 | 0.8 | 418 | 0065 | 123 81 81 100 18 22

Fluoride mgl | 0024 | 1 | ,o0 | 0020| 67.9 | 5450 | 0050 | 546 81 74 o1 11 14

Specific GTV

Electrical usiem| 1 800 250 | 476 | 1160 | 437 1140 81 81 100 8 10
| 2016

Conductivity

Sodium mg/ | 0.145 | 150 | 2V | 307 | 262 | 232 | 782 220 81 100 100 6 7.4

Ortho- <0.02 o1V

phosphateas P | mg/l | or | 0035 | ¥ | 0010 | 0.025 | 0360 | 0010 | 0.048 81 81 100 6 7.4

<0.07

Potassium mgl | 0474 | 5 | )00 | 0201| 148 | 823 | 1@ 580 81 81 100 3 4

Chloride mg/ | 035 | 1875 | 2TV | 499 | 231 | 232 13.4 92.1 81 81 100 1 1.2

Total Dissolved IGV 0 0

ol mg/ | <3 | 1000 | oSV | 720 | 277 | 693 243 654 81 81 100

PH (field) : . N . 670 | 740 | 840 | 7.30 8.40 81 - - 0 0

Oxidation

reduction

ot ORP)| ™V | - . - | 625 | 939 | 332 | -114 281 81 - - - .

(field)

Dissolved mg/l | - : - | 0320 669 | 131 | 7.96 120 81 - - - .

oxygen(field) ’ ' ' ' '

Total ugh | <20 | NO - 202 | 527 | 458 322 201 57 44 77 - -

phosphorus wQs ) ' '

10
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=elfEe Sl pegrz:gr:?ile Sa’\rlr?p.)les Det’e\rlgfions 0 [EREBITTE E)lzlc%e\:jvﬁies Exzoe\e/\(/j(a?r?ces
Magnesium mg/ | 0.101| 50 | ,o0 | 101 | 830 | 361 | 521 29.5 81 81 100 0 0
Calcium mgl | 0101 | 200 | o0 | 116 | 633 | 129 65.1 121 8l ” 98 0 0
Sulphate mgh | 5 | 1875 | iV | 500 | 138 | 135 2.50 115 8l 33 41 0 0
ég‘g"@“ityas mgl | 5 &'85 VvQOS 335 | 214 | 399 210 382 8l 8l 100 0 0
Nitrate (@sN) | o | 008 | 37.5 oI | 009 |0471| 231 | 0300 | 196 81 64 79 0 0
I;’rtgl)ﬁrga”ic mgll | 1.5 vaos - 036 | 167 | 83.0 7.53 76.0 81 64 80 - ;
E:;Zﬁ'i‘éefarbon mgll | 1.5 vaos - 118 | 173 | 83.0 7.90 82.0 8 70 86 - ;
Nitrite (as N) mg/l 0.05 VvQOS ) ) _ _ ) ) 81 0 ) ) )

*Minimum result above detection limit

11
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Table5 Summarystatisticsof metals (trace elements)

» . 97.7th  No. No. % No.WQS % WQS
WIS | SolEE | Szl percentile = Samples Detections Detections| Exceedances Exceedances
Iron mgl | 0019 | 020 | ,SV | 0020 | 0530 | 939 | 0052 | 854 81 53 65 17 21
. IGV 81
Barium ugh | 020 | 100 | ooV | 602 | 827 | 743 | 244 | 716 81 100 12 15
Arsenic ugl | 050 | 7.50 Z%Tl\é 0533 | 0655 | 128 | 025 | 6.42 81 7 9 2 25
IGV 81
Manganese ug/l 3.00 50.0 2003 3.00 15.7 115 3.68 95.8 43 53 8 10
. IGV 81
Uranium ugh | 050 | 900 | ,o¥ | 0511 | 0.271 | 0550 | 0.25 | 0540 6 7 0 0
Auminium | ugl | 100 | 150 ng\é 112 | 188 | 150 | 5.00 | 84.0 8l 32 40 0 0
zinc ugh | 100 | 750 | 2V | 110 | 224 | 148 | 190 | 7.44 8l 68 84 0 0
Boron ugh | 100 | 750 | ¥ | 103 | 79.0 | 744 | 500 | 733 8l 35 43 0 0
. No No 81
Bromide ugh | 008 | \wis | wos | 0063 | 0115 | 0879 | 0030 | 0942 29 36 0 0
. GTV 81
Cadmium ugh | oom | 375 | 21V | - - - - - 0 0 0 0
. GTV 81
Chromium ug/l 1.00 37.5 2016 - - - - - 0 0 0 0
. No No 81
Caesium wh | 100 | wis | wos | 590 - 5.90 - - 1 1 0 0
Qopper ugh | 030 | 1500 | 2I¥ | 030 | 0460 | 725 | 030 | 1.10 81 41 50 0 0
. No No 81
Lihium ugh | 100 | wis | wos | 102 | 859 | 692 - 66.9 36 45 0 0
Nickel ugh | 0400 | 15 | 21V | 0412 | 0530 | 513 | 0420 | 1.25 81 42 52 0 0

12
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. A . 97.7th No. No. % No. WQS % WQS
Ul Lok SelEs | A Szl percentile = Samples Detections Detections| Exceedances Exceedances
Lead ugh | 0100 | 75 | ¥ | 0203 | 0105 | 0329 | 010 | 0203 | 81 3 4 4 0
. No
Sdenium ug/l 1.00 WQS - 1.03 0.550 2.86 0.50 111 81 3 4 - -
Srontium ug/l 1.00 Vy(gs - 42.1 688 3910 152 3,883 81 81 100 - -

*Minimum result abovedetection limit
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Section 5 WaterPhysiochemical

Characteristics and Water Type

This section provides analysis and interpretation of water physicochemical characteristics and
the water typesfor each of 15prings Note, analysis and interpretation are not provided for
Cleggan spring at which only one sample was colledibd15 springsare:

A Barran Spring A Marlbank West;

A Barran Spring 2; A Mullyard Rising;

A Boylans Well; A Sulphur Well;

A Carrickmacsparrow; A Tuam Spring;

A Cladagh River; A Tullyhone Rising;
A Hanging Rock; A Ture Risingand,

A Hollywell Rising; A Mullaghdun Spring

A Kiltomulty Spring;
The following are assessed in this section:
A Water chemistry:
1 Major cations andanions with box plots and interpretation in Sectidnl, and
1 Majorandminor (trace) constituents with box plots and interpretation isection5.2

A Water physiochemistryvia assessment of alkalinjtgxidationreduction potentialand pH
with box plots and interpretation in Sectidh3.1; and

A Water type by piper diagram assessment of major ions in Sedi6m®

5.1 Major Cations and Anions

A summary of the concentration pattern of each of the major cations and anionwhich
there were three detections at one site at a minimuisiprovided below.

51.1 Calcium

A Calcium(Ca)concentrations within theArneycatchment range froni1.6mg/L atSulphur
Wellto 128 mg/L atTuam SpringFigure2).

A The widestinterquartile range ofconcentrationsoccur atBarran SpringMullyard Rising
and Ture Rising

A Generally the highest calcium concentrationsaur atKiltomulty SpringMarlbank West,
Tuam Springnd Mullaghdun

A Thelowestcalciumconcentrationsoccurat Sulptur Well.

14
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Calcium (mg/L)
1000
128
110
105.0 Eﬁﬁ 121 106
_%7}? 816 82.8 100
0 1Y 95.4 75.
91.3 86.3 9.2
2.6 43.6 49.1 75 7
42.7
51.1 396 c 5
44.9 ' 6.3 38.3
25.8
24.6 25.2
121
17.3
=1ﬁi-1.9 15.2 B 10
1
Mullaghdun Ture Tullyhone Tuam Sulphur  Mullyard Marlbank Kiltomulty Hollywell Hanging Cladagh Carrick- Boylans Barran Barran
Spring Rising Rising Spring Well Rising West Spring Rising Rock River  macsparrow Well Spring 2 Spring
= First Quartile M Median 4 Maximum @ Minimum =Third Quartile
Figure2: Calcium(Ca)boxplot with log scale yaxis
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5.1.2 Sodium

z

A Sodium (Na) concentrationgithin the Arneycatchment range fron8.07mg/L atCladagh
River to 232mg/Lat SulphurWell (Figure3).

A Relativelyhighsodiumconcentrationsoccur atSulphurWell (median: 215 mg/L), followed
by Boylans Wel(median: 45.7 mg/L)

A The median concentrations at all other locations range frd@o-17 mg/L.

16
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Mullaghdun Ture Tullyhone Tuam Sulphur  Mullyard Marlbank Kiltomulty Hollywell Hanging Cladagh Carrick- Boylans Barran Barran
Spring Rising Rising Spring Well Rising West Spring Rising Rock River  macsparrow Well Spring 2 Spring
= First Quartile M Median @ Maximum @ Minimum =Third Quartile

Figure3: Sodium (Napoxplot with log scale yaxis
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5.1.3 Chloride

A Chloride (Cl) concentrationsithin the Arneycatchment range fron#.99mg/L atHanging
Rock Springo 232mg/Lat Boylans Wel(Figure4).

A Generally, he highestchloride concentrations occur &ulphurwWell, followed by
Kiltomulty spring.

18
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Mullaghdun Ture Tullyhone Tuam Sulphur  Mullyard Marlbank Kiltomulty Hollywell Hanging Cladagh Carrick- Boylans Barran Barran
Spring Rising Rising Spring Well Rising West Spring Rising Rock River macsparrow Well Spring 2 Spring
== First Quartile M Median % Maximum @ Minimum ==Third Quartile

Figure4: Chloride (Clpoxplot with log scale yaxis
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5.1.4 Potassium

A Potassium (K) concentratiomgthin the Arneycatchment rang@ from 0.29 mg/L at
Tullyhone Risingo 8.23 mg/Lat Kiltomulty SprindFigure5).

A The lowest values are recorded Rtllyhone Rising followed by Cladagh River.

A Highestpotassiumconcentrationggenerallyoccur atKiltomulty Springfollowed by
Boylans Well.

A The lowest potassium concentrations generally occur at Tullyhone Rising and Cladagh
River.

20
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Figure5: Potassium (Klpoxplot
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5.1.5  Sulphate

A Sulphate (S£) concentration within theArneycatchment rangs from <LOD (5 mgiL
included a2.50 mg/Lin the graph)at mostlocations to 135mg/L atSulphurWell (Figure
6).

z

A The hghest sulphate concentratiorsccurat SulphurWell, followed by Mullaghdun
Spring.

z

A Allvaluesat Barran SpringCarrickmacsparroyMullyard Risingand Tuam Springre
<LODAt TureRising Tullyhone Risindjanging Rock and Boylans Webtstvaluesare
<LOD.
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= First Quartile M Median % Maximum @ Minimum ==Third Quartile

Figure6: Sulphate (S&) boxplot with log scale yaxis
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5.1.6  Fluoride
A Flwride (F)within the Arneycatchment rangs from <LOD (0.02 mg/L, included in the
chart as0.01mg/L) at Barran Spring Zlanging Rockylullyard Rising and Tullyhone
Rising to 5.46mg/L atSulphur Wel[Figure 7.

A Thehighest concentrations ofluoride occur atSulphur Well Lower, but still relatively
high fluoride concentrations occur at Mullaghdun Sprikgtomulty Spring and Boylans
Well. The fluoride concentrations at all other 11 wells are relatively lower.
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Figure7: Fluoride (Fpoxplot
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5.1.7 Nitrate (NG;as N
A Nitrate (NQ) concentrations within theArneycatchment rang from <LOD (0.081g/L,
included in the graph as 0.04 mgat)mostspringsto 2.01mg/L atKiltomulty Spring
(Figure8).

z

A Generally, the lowest nitrate concentrations occur at Hollywell Rising.

A Generally, relatively highaiitrate concentrations (mediar0.50 mg/L) occur at:

1 Tulllyhone Rising; 1 Kiltomulty Spring;
1 Mullyard Rising; 1 Hanging Rock; and
1 Marlbank West; 1 Carrickmacsparrow.
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Figure8: Nitrate (NQ as N boxplot
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