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Guidance for field practitioners on the sampling,
testing and validation of geochemical water
quality.

ABSTRACT

Where groundwater is being used by a humanitarian
organization to supply medical facilities and/or
populations, the sampling, measuring, and testing of its
quality is important for several reasons, not least the
organization’s responsibility to its patients and the public
health of the populations it works with. Basic water quality
assessments are an important first step in the
determination of potential risks from a water source and
should be conducted prior to any further, more in-depth,
investigations.

This document details a set of minimum standards for the
sampling and testing of water quality under field
conditions and presents several methods to evaluate
laboratory reports. Two one-page technical briefs are
presented for the sampling and validation of water quality
analyses with accompanying explanation notes.

Standard groundwater source and water quality
measurement and reporting forms are added as
appendices to ensure that quality data is available for
further analysis, interpretation and record keeping.
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Document SCOPE

This technical brief gives guidance on the sampling and testing of the chemical water quality of groundwater
sources! in humanitarian settings and is intended to describe a set of minimum standards with the
understanding that other water quality testing scenarios will require further specific and appropriate guidance?.

Why test groundwater quality?

* To ensure water is safe, acceptable and in compliance with standards applicable to its use®.

= To answer questions or concerns that people might have about the water they are consuming.

= As a baseline for a recently constructed, rehabilitated, or commissioned source.

= As part of a longer-term monitoring strategy.

= To establish what treatment or pre-treatment methods might be required to reduce or eliminate some
or all the constituents in water.

= To provide a characterisation of the geological and hydrogeological environment to determine the
provenance of a dissolved constituent and/or provide an assessment of the suitability and potential
sustainability of a source or others in the area.

When?

All groundwater sources supplying medical facilities in humanitarian response or being used for public supply
must be tested after construction (during pumping tests), rehabilitation and/or commissioning, serving as a
baseline for future monitoring. Groundwater sources should be tested if there are notable, observable and/or
measurable changes in water quality — these might be organoleptic? issues or changes in routinely measured
bulk parameters such as pH, turbidity, or conductivity. The monitoring of groundwater sources must include
routine water quality testing according to a schedule appropriate for the usage and programme and is a critical
part of evaluating the longer-term sustainability of a source.

What?

The key bulk, master, and indicator parameters® must be measured when water is sampled in the field and all
major dissolved ions® reported with every laboratory analysis. There are several reasons for this:

= They provide key information about the hydrogeological and geochemical context,

= They provide baseline data for future reference,

=  They dominate the water chemistry (usually >99% of the dissolved content) and have an important
relationship with the transport and fate of some toxic dissolved chemicals,

= Quality assessments can be made of the testing laboratory.

In addition, details of the groundwater source must be recorded alongside the samples, this includes the
location, construction details (depth, diameter, position of screens etc.) and water level.

Water samples must always be taken as close to the source as possible and prior to any treatment processes or
distribution. Similar sampling and treatment can be carried out post treatment or distribution but will not
represent natural chemical water quality and so is not within the scope of this guidance document.

How?

Authorisation and permissions

All field teams have the responsibility of ensuring that they have permission to access a site and carry out water
sampling and testing. The results of all tests must be made available to the relevant national regulatory body if
requested.

1 This includes large diameter wells, drilled boreholes (tubewells) and springs.

2 This includes testing for trace elements, sometimes referred to as ‘heavy metals’, organic chemicals (such as pesticides and herbicides)
and radionuclides (such as radon).

3 Standards may vary considerably dependent on usage.

4 Taste, odour and appearance.

5 See the table on page 7 for an overview of these parameters.

6 A major dissolved constituent is, for this document, any chemical with a concentration that generally exceeds 5mg/L.
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Health and safety

The health and safety of all staff and other people working at, or living near to, the groundwater source is of
paramount importance. A full risk assessment should be made by the project responsible prior to any water
quality sampling activities. The risk assessment should account for security, access and permission to the site,
work in confined and restricted spaces, fumes from generators, electrical hazards, movement of vehicles around
the site and all other potential hazards, not least the perception of members of the community towards the
activity.

Units of measurement

Several units are used for the expression of the concentration of a solute in water, the following are the most
important, alongside their most commonly used units of measurement’:

= Mass concentrations — mg/L and ug/L, which can be considered equivalent to ppm and ppb.

=  Molarity — mols/L or mmols/L. Divide the concentration in g/L or mg/L by the molar mass (MM) of the
chemical.

= Molality — mols/kg or mmols/kg. Molarity is more commonly used in basic chemical water quality
analyses, but it can be assumed that most natural waters have a mass =1kg/L.

= Equivalence —eq/L or meg/L. Multiply the mols or mmols/L by the valence (charge) of the ion.

Care must always be taken with concentration units as there are different conventions. For example, it is
common in Europe to express the concentration of nitrate as mg/L as NOs, whereas in the U.S. the concentration
is normally expressed as mg/L as N, or NOs-N. To convert between the two a factor is calculated from their
relative molar masses — 62g/mol for NO; and 14g/mol for N. Thus, a concentration of 50mg/L as NO3 = 50 x
(14/62) = 11.3 mg/L as N — the water quality standard for nitrate in both regions.

Total and dissolved analysis

A total analysis — gives the concentration of all dissolved and colloidal or precipitated chemical species in a water
sample.

A dissolved content analysis — gives the concentration of the dissolved content.

Filtration and acidification are required for a dissolved content analysis - this removes any colloidal or
precipitated minerals; this is usually carried out at the time of sampling using a 0.45um cellulose acetate
membrane filter. Acidification to a pH <2, by adding around 0.5 and 2ml of acid per 100ml sample, preserves
dissolved metals in solution and helps prevent adsorption to the container wall. This process is termed ‘sample
conservation’.

The standard protocol for sample conservation is as follows [1]:

Container

Chemical(s)

Treatment/conservation method

Transport conditions

Cations and
metallic elements

Filtration with 0.45 um filter, acidified to
<=pH 2

Polyethene (PE/HDPE) - min.

100ml

Dark environment,
cold chain (2-8°C)

No filtration required unless turbidity >5

Polyethene (PE/HDPE) - min.

Dark environment,

(H2504) to< 2 pH

Anions .
NTU. 100ml cold chain (2-8°C)
No filtration (unless turbidity >5 NTU), Translucent or brown .
. . . . Dark environment,
Nitrate preserved with ultrapure nitric acid polyethene or analytical .
cold chain (2-8°C)
(HNO3) 1, <2 pH grade glass, >125ml
No filtration (unless turbidity >5 NTU), Translucent or brown .
. . . . . Dark environment,
Ammonium preserved with ultrapure sulphuric acid polyethene or analytical

grade glass, >125ml

cold chain (2-8°C)

Table 1: Standard protocols for sample conservation

7 The most commonly used units are not always from the International System of Units (SI) of measurements — e.g. the Sl unit for molarity
is moles/m3 but moles or millimoles/L (mmol/L) are more commonly used for natural and groundwaters.
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These techniques are not practical for most field settings - specialist ultra-pure acids are needed and too many
samples are required, increasing the risk of mixing up test results. A total analysis gives the best representation
of what is going to be ingested by users, avoiding the need for sample conservation beyond maintaining a dark
environment under cold chain conditions. This is the approach described in this technical brief with the proviso
that, under certain conditions, this can lead to slight errors in analyses.

Laboratories

Potential testing laboratories (labs) should be contacted prior to sampling to establish both the humanitarian
organization’s and the lab’s requirements. In many countries the national water ministry has testing capacity,
often these labs will be more than capable of carrying out basic water quality analyses. Other institutions, such
as universities and teaching hospitals might also provide the service. In all instances, if a choice has been made
to carry out a total analysis, then the lab should be informed of this and that the sample has not been filtered
or acidified.

Potential testing laboratories should be able to provide the following information:

1. The type of measurement techniques and equipment available — see Table 4: Water quality
measurement techniques for guidance on the different methods most commonly used,

2. Their requirements for sample size,

3. Their requirements for sample conservation, although the organization should insist on a total
analysis with minimum conservation techniques, as described above,

4. The turnaround time between receiving a sample and providing results,

5. Anexample analysis, preferably with an error check as validation, see Validating test results below.

Most laboratories have a standard reporting format, the following are some key requirements:

1. All samples must be referenced using the ID provided by the organization - if the lab needs to
maintain their own sampling identification, then this must be cross referenced in their final report,

2. Report on how they carried out the testing — how samples were processed and what equipment and

method was used for each analyte and parameter,

Note accurately the time and date of receiving and testing each sample,

Provide the name and signature of a responsible person with an official validation stamp,

Present all results in a tabulated format with clear units of measurement for each result,

6. Include a column with any national standards, with units, for comparison with the test results.

vk w

All labs should be able to carry out an ion-balance error calculation on a set of results, if so, they must present
this with the final report. For analyses that are more complex, for example for trace metals that might require
speciation (such as chromium and arsenic), additional advice must be sought prior to sending samples for
testing.

Equipment

A basic list of all the equipment required for sampling and testing of groundwater sources is included for
guidance in Appendix 1: Water sampling and testing equipment.

Field measurement and testing

The following parameters must be measured and recorded in the field at the time of sampling:

= Electrical conductivity (EC), pH, temperature, turbidity, and alkalinity.

The following parameters might also be measured in the field:

= Total hardness, nitrate (or total nitrogen), colour (true and apparent), oxidation-reduction potential
(ORP), dissolved oxygen (DO).

For all these tests there are well established methods of field testing using digital probe meters, titration
techniques, colourimetric test kits or (spectro-)photometers. All digital probe meters must be recently
calibrated, properly handled and stored and all reagents pre-expiry and in good condition.

Refer to the Table of groundwater water quality analytes and parameters below for more details on sampling
and testing these parameters.
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Sampling, preservation, packaging, and labelling

The following procedure should be followed when sampling a groundwater source after first obtaining
permission and following all other guidance that has been given. Sampling should always be done at the head
of the source:

1. Note all the details of the source and fill the form in Appendix 2: Groundwater Source FORM,
Record the resting (static) water level,
Purge the source prior to sampling by removing >3 volumes of water unless a decision has been
made to test water quality at start-up® or it is not possible to remove that volume of water®,

4. Purge and flush the sample tap or line,

5. Take three clean, sterile, polyethene polyethylene (PE/HDPE) sample containers with a minimum
volume of 250ml each'®,

6. Before taking each sample, make any field measurements??,
Take one sample immediately after purging, another when the water level has started to stabilise
during pumping, and the last towards the end of the pumping cycle,

8. Each sample container must be flushed at least 3 times with the water to be sampled,

9. The containers must be filled to the top whilst avoiding contact with the inside of the container and
lid,

10. All samples must be clearly marked using an indelible marker pen using an identification code or
number that can be referenced and used by the lab,

11. Record the time, water level, flow, the results of all field measurements and other observations and
measurements on the form in Appendix 2: Groundwater Source FORM, alongside the sample ID,

12. Samples should be placed into cold chain (2-8°C) in a dark environment as soon as possible,

13. Fill out all fields in the form in Appendix 3: Water quality chain of custody FORM,

14. Transport to the lab for testing in a dark environment, under cold chain conditions (2-8°C) and,
ideally, within 48 hours.

No specific guidance is given here on labelling as this information can be found in the two forms in Appendix 2
and 3.

Validating test results
Water quality analyses can be evaluated for their accuracy using several techniques within two broad categories:

1. Testing the lab by sending water of a known quality with field samples,
2. Analysis of the lab results for error.

It is important to be clear about what is being tested with the first method and there are several different
approaches that can be taken. The most relevant for the purposes of this guidance are:

1. Replicate samples — several samples taken from the same source and sent together. This should be
standard practice.

2. Field blanks — samples of de-ionised water taken into the field and then packaged and labelled as all
other samples.

3. Method or equipment blanks — samples of de-ionised water passed through all the same preparation
techniques as other samples. If sample conservation is used, then this will test whether there is
contamination from these practices.

Reporting which technique is used is critical - a failure to properly label these or other samples will not be a test
of the lab’s capacity, only of basic logistical competence.

8 This might be done if information about the impact of the casing or rising main material on water quality is required.

9 This might be the case if an open well is being samples and tested.

10 Contact with the testing lab will confirm the volume of sample required as they might need to split into separate aliquots for analysis.
11 At an absolute minimum this would include pH, temperature, conductivity and turbidity.
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There are several methods that can be used to validate test results within the second category - each of them
relies on all the major cations and anions being tested by the lab:

1. Anion-balance error calculation.

2. Estimation or calculation of total concentration from electrical conductivity,

3. Calculation of electrical conductivity from analysis results (to compare with field or lab
measurements).

1. lon balance error calculations

A sample of water must be electrically neutral, otherwise it would give an electric shock on contact. This principal
of electro-neutrality can be expressed in terms of chemical composition and concentration:

2 anions (meq/L) = 2 cations (meq/L)

To evaluate a water quality analysis according to this relationship, all measurements must be expressed in
equivalents — usually milliequivalents (meg/L) are used. The conversion is done in two steps:

Step 1 - divide the concentration expressed in mg/L, or ppm, by the molar mass of the dissolved ion to obtain
the molarity (mmol/L).

Step 2 — multiply the molar mass by the valence (charge) on the dissolved ion.

Worked Example 2
. . . 20 3

A WQ analysis reports a concentration of calcium (Ca?*) of 120 mg/L. C 3
a 2

There are, thus; 120/40.078 g/mol = 2.99 = 3 mmol/L of Ca? ions in solution.
Calcium
40.078

The valence and the molar mass of all the major ions, and some others, can be found in the Table of groundwater
water quality analytes and parameters (see red circle in the worked example below).

And, therefore; 3 mmol/L x 2 = 6 milliequivalents/L (meq/L)

The sum of all the positively charged ions (cations) and negatively charged ions (anions) in an analysis, which
must include measurement of all the major dissolved ions, can now be evaluated and the error expressed
according to:

Ion balance error (+/—%) = (Z cations + Z am’ons) / (Z cations — Z anions) X 100

An error of <+/-5% is deemed acceptable, anything greater than this and there might be one or several issues,
including the lab itself. Where the problem lies requires further investigation but consistent errors outside this
limit and from the same lab indicate that there is a problem with their equipment, procedures or reporting and
they should be expected to explain this. See Appendix 5: Diagnosis table — water quality analyses for the
diagnosis of some common problems with water quality analyses.

2. Estimating and calculating total concentration from electrical conductivity

There is a direct relationship between electrical conductivity and total dissolved solids, this forms the basis of
this and the next method and is explained in the section Electrical conductivity and total dissolved solids.

An estimate of the total anions and cations can be made from an EC measurement according to this formula:

Zam’ons (meq/L) = antions (meq/L) = EC/100 (uS/cm)

This is not a precise relationship but for waters with low total dissolved solids it gives a first pass means to
evaluate an analysis [2].
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3. Calculation of electrical conductivity from analysis results

Historically there have been several methods proposed to calculate the EC of a water sample from analysis
results and these often served to either estimate a missing, or hard to measure, analyte, or to validate an
analysis. Rossum presented one such method, often referred to as the ‘modified Rossum method’ [3]. This
involved the calculation of a preliminary estimation of EC (EC’) from the product of analyte concentration,
expressed as meq/L, and various factors with the units uS/cm/meq/L:

EC’ = 52.0 [Ca] + 46.6 [Mg] + 49.6 [Na] + 72.0 [K] + 84.6 [CO3] + 43.6 [HCOs] + 75.9 [Cl] + 71.0 [NOs] + 73.9 [SO4]

Depending on the overall TDS and the water type (see Water type (geochemical facies)), another formula must
then be applied to EC’ to achieve a final estimation of EC (uS/cm), where T is the concentration in equivalents
(meg/L) of either the anions or cations;

i) If T<10meq/L, or T>10 meq/L and HCOjs is the predominant anion, then; EC = EC’ — (EC'*%47/157)
ii) If T>10 meq/L and chloride (CI') is the dominant anion, then; EC = EC’ — (EC'138/178)
iii) If T>10 meq/L and if sulphate (SO4%) is the dominant anion, then; EC = EC’ — (EC’'43%/116)

The factors used to calculate EC’ were determined by empirical analysis of hundreds of water quality test results
and can be referred to as conductivity factors. Determination of the water type is generally achieved by
calculating and plotting the relative percentage of anions in a water sample?2.

Appendix 4: Water quality test result sheet includes all the formulae above in order to be able to carry out this
calculation and compare field measured EC with the lab measured result. The relative error can then be
calculated according to;

(measured value — calculated value)

Relative error =
measured value

Any major errors from laboratory results should be investigated as described for previous validation methods
and Appendix 5: Diagnosis table — water quality analyses can help explain some common reasons for these errors
and differences.

12 Groundwater tends, with depth and residency time, towards an Na-Cl type, passing first from a bicarbonate (HCOs’) type to a sulphate
(SO4%) type [4].
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Table of groundwater water quality analytes and parameters

Desig- MM Valence Measuring and
Analyte/parameter | lon(s) Units R g. . When to test Comments
nation (g/mol) | (charge) reporting priority
Total dissolved solids Will be calculated from lab analysis. Estimation
1550V : All mg/L - - Must be reported. Lab must measure and report. : . . . y I : I
(TDS) possible from electrical conductivity.
Electrical ductivit In the field at ti f li d
ectrical conductivity All uS/cm - - Must be measured. .n € fieldattime of sampling an Meters must be recently calibrated.
(EC) in the lab.
4
g Provides, with other WQ results information on
@ Colour (true and Pt-Co or Not critical for basic ) . . v W . . Qresults .I.
I - - - R In the field at time of sampling. colour determinants in sample, e.g. precipitated
© apparent) Hazen analysis, good to know. .
5 minerals.
o
ﬁ; Turbidity - NTU - - Must be measured. In the field at time of sampling. Photometer or turbidity tube.
o)
2 Total suspended
© R P - mg/L - - Not often measured. Lab might measure and report. Measure of particles >2 microns in size.
= solids (TSS)
)
B
z HCOs mg/L as In the field at time of sampling. Simple titration and speciation kits available for field
£ Alkalinity 3_/ e/ - - Must be measured. piing imple titratl peciat ftsaval I
CO3? CaCOs Lab must measure and report. tests.
Catr+ mg/Las | CaCOs= Must be reported from Indicator of mineral scaling issues. Import.j:mt
Hardness - K Lab must measure and report. parameter for water treatment technologies that use
Mg CaCOs 100 calculation. .
sensitive membranes.
In the field at ti f li d
pH H* - - - Must be measured. .n € Tield at time of sampling an Probes sensitive, must be recently calibrated.
in the lab.
. In the field at time of sampling and | All pH and EC probes measure temperature for
a Temperature - 9C/°F - - Must be measured. . pling P . P ” P .
b in the lab. correction of these parameters to a standard.
£
g Oxidation-reduction Not critical for basic Mez'asure if carrying out Probgs sensitive, myst be recer.1.tly calibrateq.
o R - mV - - . environmental assessment. Not a Readings can take time to stabilise, and advice
o] potential (ORP) analysis. . . .
2 basic WQ parameter. should be sought regarding interpretation of results.
(T
= Measure if carrying out
Dissolved oxygen mg/L as Not critical for basic X ying "
- - - . environmental assessment. Not a Probes sensitive, care must be taken.
(DO) 0 analysis. .
basic WQ parameter.
i 2
Calcium Ca* mg/L 40.08 +2 Must be measured. Lab must measure and report. Can be measured in field as part of total hardness
c . . . .
2 Magnesium Mg+ mg/L 2431 +2 Must be measured. Lab must measure and report. using a titration kit.
©
o
S Some handheld meters available — can be expensive
g Sodium Na* mg/L 229 +1 Must be measured. Lab must measure and report. and sensitive if they are ion-selective. Others make

calculation from other parameters.
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Potassium K* mg/L 39.1 +1 Must be measured. Lab must measure and report. -
Often measured to
Ammonium NHs* mg/L 18.01 +1 determine total nitrogen Lab might measure and report. Forms part of total nitrogen content of sample.
in sample.
S mg/L or should be measured in In the field at time of sampling and Irz(;i;:;rtc?\::no;?r:ce’?a:rnl:crf iltoaV:epaHanlirc;Etplaints o
5 (Total) iron Fe?*/Fe3* g 55.85 +2 areas with known . piing precip v
o ug/L in the lab. Important parameter for water treatment
5 problems. . .
e technologies that use sensitive membranes.
=
. Indicators of problem are low pH and complaints of
mg/L or should be measured in In the field at time of sampling and brown/black mineral precipitate and turbidity
Manganese Mn2* 54.94 +2 areas with known . ’
ug/L in the lab. Important parameter for water treatment
problems. . L
technologies that use sensitive membranes.
Bicarbonate HCOs mg/L 61 -1 Must be measured. Lab must measure and report.
5 Forms part of total alkalinity.
z Carbonate COs* mg/L 60 -2 Must be measured. Lab must measure and report.
©
.% Chloride Cl- mg/L 35.45 -1 Must be measured. Lab must measure and report. -
=
Sulphate S04 mg/L 96.06 -2 Must be measured. Lab must measure and report. Forms part of total sulphur, see note below.
Lab must measure and report, can
Nitrate NOs mg/L 62.01 -1 Must be measured. b d in the field port,
e measured in the field. Colourimetric kits available for measurement of
Should b d with nitrate/nitrite in the field.
Nitrite NO» mg/L 46.01 -1 . ouldbe measured wi Lab might measure and report.
nitrate.
5
= Can be measured in the field using a
S Fluoride F mg/L 19 -1 Must be measured. Lab must measure and report. Y : el using
o spectrophotometer.
2
= Bromide Br- mg/L 79.9 -1 Often measured. Lab might measure and report. Bromide can be an indication of seawater intrusion.
Will make up the most of total phosphate
Orthophosphate PO mg/L 94.97 -3 Often measured. Lab might measure and report. concentration in groundwater. Indication of
agricultural and industrial pollution.
- | tant ter fi ter treat t
.nor? Silica SiO2 mg/L 64.07 - Must be measured. Lab must measure and report. mportan .parame ertor wa er treatmen
ionic technologies that use sensitive membranes.

Table 2: Basic groundwater quality analytes and parameters

Note: The measurement of hydrogen sulphide (H:S) and its dissolved ion (HS’) as part of total sulphur in a sample is complicated by the fact that the former is a gas, and the latter requires complex preservation
techniques using zinc acetate solution. The presence of hydrogen sulphide in water is usually an acceptability issue before a health one given the ‘rotten egg’ odour. The presence of hydrogen sulphide gas is usually
an indicator of sulphate related bacteria in the groundwater and can be accompanied by elevated iron levels, staining around outlets and black bio-masses growing on pumps, filters and related infrastructure.
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Explanation notes

Introduction

Carrying out a basic water quality analysis is not complex, but several terms, concepts and measurement
parameters need to be explained in order to help with their interpretation and ensure that results are accurately
presented. Geochemistry is a vast field and this section can only touch on some of most important and general
aspects - many additional resources are available for a deeper exploration of the subject

Major, minor and trace constituents

The constituents of water can be classified according to the following groups®®:

* Major constituents: 7 constituents'* make up 99% of TDS and their concentrations exceed 5 mg/L.
= Minor constituents: 0.01 — 10 mg/L.
= Trace constituents: < 0.1 mg/L.

Classification of water quality parameters

The following table gives the commonly accepted classifications of different water quality parameters?®:

Parameter sub-type Examples

Colour, odour, taste, turbidity, electrical conductivity, pH, total dissolved solids,

Physical, indicator .
¥ temperature, total suspended solids.

Calcium, magnesium, potassium, sodium, bicarbonate, carbonate, chloride, sulphate,

Inorganic or chemical . . . . .
& fluoride, alkalinity, nitrate, nitrite, phosphate, bromide.

Bulk inorganic chemical

Hardness, alkalinity.

Toxic metals and trace | Copper, chromium, cadmium, zinc, (inorganic) mercury, iron, manganese, arsenic, lead,
elementsté antimony, aluminium, cobalt, selenium, nickel.
Organic BOD, COD, carbon containing compounds — hydrocarbons and petrochemicals,

pesticides, methyl-mercury, pharmaceuticals, food, explosives, paints, and cosmetics.

Nutrient demand

Biological and chemical oxygen demand (BOD & COD).

Total coliform, faecal coliform, E-coli, iron, and sulphate reducing/related bacteria (IRB

Bacteriological and SRB).

Biological Phytoplankton, zooplankton.

Gross alpha emitters, beta particle and photon (gamma) radioactivity, radium 226 and

Radio-nuclide radium 228 (combined) and uranium?7.

Oxygen, tritium (hydrogen), carbon-14 (often used for groundwater dating and carbon

Isotope dating respectively).

Table 3: Classification of water quality parameters

Water type (geochemical facies)

Hydrogeologists and geochemists like to present water quality analyses and use various graphical techniques
which describe the water type or geochemical facies. These methods, which include Piper and Stiff diagrams,
usually present the relative concentrations of major anions and cations. Several models of geochemical
evolution can then be applied to these representations to evaluate the geochemistry along a flow path, over
time, at different depths or according to the impact of abstraction. The relative concentrations, expressed in
megq/L, of the major anions (SO4%, CI;, HCOs%) in groundwater is significant to the model that describes evolution

13 Adapted from reference [11].

14 Calcium, magnesium, potassium, sodium, chloride, sulphate, carbonate and bicarbonate. Note that carbonate and bicarbonate make up
carbonate alkalinity and that in most natural waters the majority (>80%) of this will be present as the bicarbonate ion (HCOs").

15 Adapted from reference [12]. Complete agreement on these classifications is unlikely.

16 Some of these are often referred to as ‘heavy metals’, although this is a somewhat misleading and inaccurate term.

17 See; http://wellowner.org/water-quality/radionuclides/
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of water with increasing time and depth and to defining the relationship between electrical conductivity and
total dissolved solids [5].

For the purposes of this guideline and for the application of the modified Rossum method to the calculation of
electrical conductivity (see Validating test results), the water type represented by an analysis is determined
according to the dominant anion expressed as a percentage of the total anion concentration in meq/L.

Water quality measurement techniques

A water sample is typically analysed for chemical constituents using one or more of the following methods?:

Table 4: Water quality measurement techniques

Method Analyte/parameter Level of detection Abbreviation

Inductively coupled plasma
—atomic emission Major and minor constituents ppm, mg/L ICP-AES
spectroscopy

Atomic absorption

spectroscopy Trace element ppb, pg/L AAS

Trace element constituents,
Inductively coupled plasma some speciation when

— mass spectroscopy combined with some
chromatographic method

ppb, pug/L ICP-MS

Most useful for organic
compounds. Involves ppb, pug/L GC-MS
separation prior to analysis.

Gas chromatography — mass
spectroscopy

Colorimetry/

spectrophotometry Rapid. Major constituents. ppm, mg/L None commonly used

Major constituents; relatively
inexpensive; enables ppm, mg/L None commonly used
speciation

Classical wet chemical
methods (titrimetric)

The abbreviations given above should be used in WQ analysis reports to indicate the type of test used to measure
an analyte.
Electrical conductivity and total dissolved solids

There is a direct relationship between electrical conductivity (EC) and total dissolved solids (TDS)°. However,
the relationship varies according to the water type and the overall concentration, or activities, of the solutes. It
is typical to express the relationship using the following formula:

TDS (mg/L) = f.EC(uS/cm)

Where, f represents a conversion factor and varies in natural waters between a value of 0.5 and 0.8.

Most handheld, field portable, EC meters are programmed to calculate and output a TDS value and typically use
a value =0.67 by default. Adjustments can normally be made to this value within the range of 0.5 and 1.0 - this
must be done following a comprehensive water quality analysis if longer term monitoring is to be carried out.?°
Turbidity, total suspended solids, and colour (true and apparent)

Confusion surrounds these terms as they are, in some way, related.

Turbidity is caused by suspended and colloidal matter such as clay, silt, finely divided organic and inorganic
matter, and plankton and other microscopic organisms. It gives water a muddy or milky appearance due to the

18 Adapted from reference [13].

19 Note that the term TDS, as used here, is sometimes referred to as total dissolved salts, given that dissolved solids such as sugars will not
impart conductivity to a sample as their dissolved products are non-ionic. However, there should not be much sugar, or any other organic
compound, in natural groundwater.

20 See; http://www.hannacan.com/PDF/manHI98311.pdf
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scattering of light by the suspended material. The measurement of turbidity compares the intensity of light
scattered by a sample and that of a reference suspension. This can be done using several low technology
solutions, such as Secchi discs or turbidity tubes, or by (spectro-)photometric methods. The most common unit
of turbidity is the logarithmic Nephelometric Turbidity Unit (NTU), although other units might also be used [6].
Excessive turbidity is considered an acceptability issue and can cause problems with chlorination.

Suspended solids - are defined as the portion of total solids in a water sample retained by a glass fibre (GF/C)
filter of pore size >2 um, all other constituents are considered to be dissolved or in gaseous form [6]. In practice
it is common to use a 0.45 um filter, which is the same that would be used during bacteriological analysis. Lab
methods of measurement filter, dry, and weigh the residue, and the result is termed total suspended solids (TSS)
and is usually expressed in mg/L. The size of filter must always be reported with this measurement.

Turbidity and total suspended solids are not the same thing, but they are related. Some researchers have tried
to establish empirical relationships for water quality monitoring [7] and some equipment manufacturers have
developed probes which measure both parameters simultaneously.??

Apparent colour is a measure of the direct, physically observable colour of water without turbidity removal.

True colour in water samples can result from the presence of natural metallicions (iron and manganese), humus
and peat materials, plankton, weeds, and industrial wastes. It is the colour of water with all suspended particles
removed by filtration to achieve a turbidity free sample.

There are many units of colour and True Colour Units (TCU), ‘APHA’, ‘Pt-Co’ and ‘Hazen’ are commonly used, all
referencing the same colour scale?2. Colour is commonly measured using a (spectro)photometer.

For the purpose of groundwater quality testing and monitoring, turbidity is important as it can easily be
measured in the field. Groundwater turbidity is often related to mineral precipitates or, sometimes, to the
suspended products of corrosion. In some situations, it might be valuable to measure the true colour of
groundwater, especially at shallow sources which might be affected by contamination with organic matter from
nearby surface water or soil overburden.

These measurements, when made, should be made in the field as close as possible to the source and at the same
time as sampling for lab testing - these properties can easily change during transport to a laboratory.

Most national water guidelines quote figures or limits for turbidity and colour. Typically, a limit of 5 NTU is set
by most regulatory bodies for turbidity and 15 TCU/Hazen Units for true colour.
pH

pH is probably the most important parameter in aqueous chemistry, determining the dissolution, speciation,
mobility and fate of minerals, elements, and compounds. It is the measure of the activity of the hydrogen ion
(H*) in a solution arising from the dissociation of the water molecule according to the simplified relationship:

H,0 & HY + OH™
And, is expressed on a unitless (dimensionless) logarithmic scale:
pH = —loglay+] ~ —log[H"]

Where, [an.] is the activity of the hydrogen ion and [H*] is the concentration.

The range of pH is commonly considered to be 0 to 14, with a lower number indicating a more acidic solution
and a higher a more alkaline one, but it is possible to have pHs well outside of this range?.

pH must always be measured in the field at the time of sampling using a recently calibrated electrode and again
during a lab analysis. Various colourimetric methods are available using reagents, but these do not usually
provide an adequate range or accuracy and can give misleading results in poorly buffered (low alkalinity waters).
Field measurements ensure the sample has not been affected by de-gassing and can be compared later with lab

21 See; https://www.hach.com/asset-get.download.jsa?id=10929896654
22 See; https://www.hunterlab.com/blog/color-and-appearance-theory/apha-pt-co-hazen-color/
23 concentrated HCl has a pH of about -1.1
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results. At a minimum both pH and conductivity should be monitored at all groundwater sources and significant
changes require follow up with a more comprehensive analysis to compare with previous or baseline analyses.

Water quality standards and guidelines from several national and supra-national sources quote values for pH,
generally as an indicator parameter within the range of 6.5 to 8.5. Values outside of this range can be good
indicators of serious water quality and contamination issues. Elevated dissolved iron levels tend to be associated
with pHs below 7 and, in extreme cases, much lower than this. Low pHs can also indicate poorly buffered waters
with little or no dissolved carbonate, which might cause issues with corrosion and the release and mobilisation
of metals from distribution pipework and storage containers. Waters with pH above 8 are often rich in dissolved
carbonate minerals and present a risk of mineral scaling and cause issues for effective chlorination. Levels above
8.5 can indicate serious contamination issues, possibly from industry and agriculture.

Alkalinity

Alkalinity is a measure of all bases in solution which have the capacity to neutralise or buffer acids and is an
important, field measurable, parameter which has implications for the overall chemistry of a water sample. It
should not be confused with pH, although the two are somewhat related, one is not a measure of the other.
Bicarbonate (HCOs), carbonate (CO3%) and hydroxide (OH") ions are the principal contributors to water alkalinity
- borates, silicates, and phosphates can also contribute, although to a far lesser extent in natural waters
unaffected by contamination or treatment. Alkalinity is sometimes used as a surrogate measure of the total
inorganic carbon in a sample?*, and, in geochemistry, the term generally refers to what is, technically speaking,
carbonate alkalinity. For the purposes of this section, the term ‘alkalinity’ will be used according to this
convention.

One of the most important chemical reactions in geochemistry is
the atmospheric dissolution of carbon dioxide (COz) in
precipitation, forming carbonic acid (H,C03)?. The dissociation of
H,COs is the first step in the formation of carbonate alkalinity in
waters destined to recharge groundwaters:

HyCO;3 (oq) & HCO; + H*

Fraction

HCO; & C0¥ + H*

Note that these reactions release two protons (H*) into solution,
decreasing the pH. Bicarbonate and carbonate ions are also  Figure 1: Carbonate speciation and pH

released, providing some buffering capacity. The relative

concentrations of the different species arising from the dissociation of CO, in water is determined by the pH and
is often represented using a speciation diagram (see above). At around pH 10.3 there is one equivalence point,
where the concentrations of COs* and HCOs are equal, at pH 8.3 HCOs; dominates, then there is another
equivalence point for HCO;™ and H,CO; at around pH 6. At around pH 4.5 there is no COs* or HCO3™ present, only
H,COs - this is the end point of alkalinity. The measurement of alkalinity requires acid titration (usually with
sulphuric acid, H,SO,), first to pH 8.3 and then to a pH between 4.3 and 4.9, depending on the nature of the
sample, its total alkalinity, and ionic strength. Two reagents are used during this titration — Phenolphthalein,
which changes from pink to colourless at pH 8.3, and Bromcresol Green-Methyl Red, which changes from green
to pink at pH 4.5. Some analyses report Phenolphthalein alkalinity as a measure of COs* concentration, although
there is unlikely to be a significant concentration given that most natural, uncontaminated, waters have a pH of
between 6.5 and 8.5, whereby far the most prevalent carbonate species is the bicarbonate ion. The main sources
of natural alkalinity are rocks which contain carbonate-based minerals, such as calcium carbonate (CaCOs) and
dolomite (Ca.Mg(COs),). Carbonic acid dissolves these minerals, releasing carbonate and bicarbonate ions into
solution. The following equation describes the dissolution of calcite:

CaC0; ) + HyCO5qq & Ca’*(aq) + 2HCO;

24 See; https://support.hach.com/app/answers/answer view/a id/1000033
25 Carbonic acid is considered a weak acid as it is only partially dissociated, with both the undissociated acid and its dissociation product(s)
being present in solution.
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This reaction results in an increase in pH and alkalinity in closed systems, where availability of CO; is finite. In
open systems, such as shallow groundwater environments, more CO; can dissolve in the water, maintaining the
pH, increasing alkalinity, and leading to further mineral dissolution which will be limited by the saturation point
or availability of the mineral. As with most mineral dissolution, the dissolution of carbonate is reversible and
temperature dependent. Increases in temperature and/or pH, as well as the dissolution of other minerals, will
cause the remineralisation or precipitation of calcite out of solution, which explains the grey-white solid found
on the heating elements of kettles and the increase in suspended solids in water samples where CO; has
degassed out of solution, increasing the pH.

Alkalinity is usually expressed, by convention, in units of mg/L as CaCOs, standardising reporting, and ensuring
comparative analyses are possible. This does not imply that the source of alkalinity is, necessarily, carbonate in
nature, although this will often be the case in natural groundwater samples. Both hardness (see below) and
alkalinity are expressed in mg/L as CaCOs; for the convenience of using a single unit to represent the
concentration of multiple chemicals and for ease in calculating a solution’s carbonate and non-carbonate
hardness (see below)?®. Typical values of alkalinity are as follows:

Source AIkahr(l:l:yé(()r:)g/L a Dependency
Rainwater <10 Carbon dioxide dissolution
Surface water 20-500 Soil type and contamination
Groundwater 50-1000 Geology and mineral dissolution, possibly contamination
Seawater 100-500 Mineral dissolution, carbon dioxide levels, surface, and groundwater inputs

TECHNICAL BRIEF: BASIC GEOCHEMICAL WATER QUALITY SAMPLING AND TESTING

Lab results should report the concentration of bicarbonate, carbonate, and total alkalinity as standard. This is
not always the case, and it is important to know how to convert between units:

Converting Carbonate Alkalinity from mg/L as CaCOs to mg/L as CO5*

CaCOs has a molecular weight of 100 g/mol and the COs% anion has a molecular weight of 60 g/mol.
Therefore, each milligram of CaCOs; contains 60/100 = 0.6 mg of COs> and the conversion is as follows:
Carbonate Alkalinity as COs> (mg/L) = 0.6 * Carbonate Alkalinity as CaCOz (mg/L)

Converting Bicarbonate Alkalinity from mg/L as CaCOs to mg/L as HCO3

Consider the following reaction:
CaC0z 5y + HyCO34q) © Ca**(aq) + 2HCO3

CaCOs; has a molecular weight of 100 g/mol and the HCO5 anion has a molecular weight of 61 g/mol.

Therefore, each mol of HCOs™ corresponds to one mol of CaCOs; (100 g) and contains 2 x 61 g = 122 g of HCOs"
and the conversion is as follows:

Bicarbonate Alkalinity as HCO;  (mg/L) = 1.22 * Bicarbonate Alkalinity as CaCO3 (mg/L)

Calculating alkalinity from bicarbonate and carbonate concentrations

Considering the above conversions and their factors, the calculation of total alkalinity from expressions of
bicarbonate and carbonate ion concentrations in lab reports can be made according to the following formula:

(Carbonate) Alkalinity = 0.8[HCOs ] + 1.67[C03*]

Where, [...] is the concentration expressed in mg/L.

National and international water quality guidelines do not usually quote a figure for alkalinity, but water
treatment plants usually ensure some buffering capacity in finished water to prevent issues with pH fluctuations
and corrosion of pipework. Some authors recommend demineralised water is dosed, or conditioned, to achieve
a minimum alkalinity of 30mg/L as HCO5 [8].

26 See; https://support.hach.com/app/answers/answer view/a id/1000214/~/what-is-the-difference-between-hardness-and-
alkalinity%3F-
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Hardness

Total hardness is defined as the concentration of all multi-valent cations in water, which might include calcium,
magnesium, iron, manganese, aluminium, strontium, and barium, although for most natural groundwaters it is
the expression of total calcium and magnesium concentration?’. This is an important water quality parameter
which indicates, at elevated levels, a risk of mineral precipitation in hot water piping systems and on the
membranes of water treatment filters. It is often defined as the capacity for water to consume or precipitate
non-synthetic soaps, failing to make them lather properly - multi-valent cations other than calcium and
magnesium have been found to have this property as well [6].

Many different units are used to express the concentration of hardness in water, an indication of the importance
that it has been afforded to water quality in the past. These include German degrees, general hardness, grains
per gallon, English degrees, French degrees. It is most common nowadays to express the concentration in mg/L
as CaCOs. This convention is a convenient means to express the concentration of two ions with a single unit of
measurement and facilitates the comparison of measurements with other analyses. Finding conversion factors
between different units is easy, there are many sources that can be found using a simple online search.

Hardness can easily be calculated from a water quality analysis or measured using simple and cheap titration
kits in the field. To calculate and express the concentration in the standard manner, the following formula is
used:

Total water hardness (mg/L as CaCO3) = 2.5[Ca] + 4.1[Mg]
Where, [...] denotes the concentration in mg/L (or ppm).
Hardness is often divided into permanent and temporary components;

Permanent hardness — calcium and magnesium derived from the dissolution of sulphate and chloride base
minerals, e.g. ionic halides such as calcium and magnesium chloride (CaCl; and MgCl,), gypsum (Ca.S04.2H,0),
anhydrite (Ca.S0s).

Temporary hardness — calcium and magnesium derived from the dissolution of carbonate minerals, e.g., calcite
(CaCO0s) and dolomite (Ca.Mg(COs),).

Temporary hardness is often termed carbonate hardness, its concentration, expressed in equivalents, being
equal to alkalinity, or, strictly speaking, carbonate alkalinity. Total hardness (TH), temporary, or carbonate,
hardness (CH), permanent, or non-carbonate hardness (NCH), and (carbonate) alkalinity (Alk) are related
according to the following relationships:

= If Alk< TH, then CH = Alk
= |f Alk>=TH, then CH =TH

To satisfy the above equations, and, in general, it is held that TH = CH + NCH. However, if CH > TH, then the
difference is sometimes termed pseudo hardness (PsH) or apparent hardness. This is the portion of carbonate
hardness that is associated with monovalent cations such as potassium, sodium and ammonium derived from
the dissolution of minerals such as natron (NaCOs and NaHCOs) — these are most common in spring waters.

The standard classification of water hardness is as follows (in units mg/L)%;

= 0-60: soft

= 61-120: moderately hard
= 121-180: hard

= >180: very hard

This parameter is important given the sensitivity of some water treatment technologies and hot water systems
to hardness and mineral precipitates. It should be calculated with all water quality analyses and is included in
Appendix 4: Water quality test result sheet and most suppliers of reverse osmosis membrane treatment units

27 See; http://www.agion.de/site/140
28 See; https://water.usgs.gov/edu/hardness.html

TECHNICAL BRIEF: BASIC GEOCHEMICAL WATER QUALITY SAMPLING AND TESTING PAGE: [14]



will require its quantification prior to selection of (pre-)treatment options. The removal of calcium and
magnesium from water is referred to as water softening, a process that often uses ion exchange technologies
that replace these divalent cations with the monovalent cation sodium. Most national, regulatory authorities do
not set health-based guidelines for calcium, magnesium, or total hardness. The EU sets a range of 80-100 mg/L
as CaCOs for hardness, considering this to be an acceptable balance between corrosion resistance and the risk
of mineral precipitation.

Other measures of the capacity of water to precipitate carbonate minerals are also used and expressed in some
water quality analyses. They include the Langelier Saturation Index (LSI), Ryznar Stability Index (RSI) and the
Puckorius Scaling Index (PSI). It is becoming more common to analyse water quality data according to mineral
saturation indices - this information can help quantify certain risks associated with using a source and help
understand better the geochemical environment and provenance of dissolved constituents.

Oxidation-reduction potential (ORP)

Oxidation-reduction potential (ORP) or reduction-oxidation 1200 T T T 1 T 3 2
(redox) potential is a measure of the equilibrium potential H, AsO,

of water and is usually expressed relative to the standard 800 - m
hydrogen electrode (SHE), and, thus, often referred to as Ex. ngrmie] - 10
The units of ORP, if expressed as Ey, are millivolts (mV), 400 HAsO>

although other units are sometimes used to express ORP, E Al
the most common is pe, a unitless value?®. Whichever g o HAsO,° el 5
system is used, the more positive a value, the more

oxidising a water is - its constituents having a greater 400 [~ HASON_as 5 o
capacity to lose electrons — and the lower the value, the Nl 10
more reduced a water is — its constituents having a greater b lHAso,‘i

the capacity to gain electrons. Measurements of ORP, in T T T
conjunction with the measurement of pH, are used to pH

evaluate geochemical speciation models and can provide  figure 3: Ex-pH stability diagram for arsenic species
insights on the evolution of geochemical water quality[9]. The figure above shows the stability diagram for
various arsenic species according to E, and pH values as an example®. It is a particularly important measurement
in environmental and contamination assessments and in the treatment and management of wastewater, with
some researchers determining that Escherichia coli (E.coli) kill rates in chlorinated water were more strongly
correlated with ORP measurements than with chlorine residual measurements [10].

Maintenance, care, and calibration of ORP electrodes are critical in making meaningful ORP measurements,
which must always be taken in the field at the time of sampling, and the interpretation of results necessitates
more than a passing understanding of geochemistry - all reasons that preclude their applicability for basic water
quality analyses in most circumstances. Advice should be sought by field practitioners needing to measure this
parameter to ensure that meaningful results are measured and reported prior to interpretation.

29 £, = 0.059 pe
30 Source; https://www.researchgate.net/figure/Redox-potential-Eh-pH-diagram-for-agueous-arsenic-species-in-the-system-As0-2-H-2-0O-

at fig2 7946075
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Appendix 1: Water sampling and testing equipment CHECKLIST

The following CHECKLIST is for guidance only and other equipment might be necessary depending on the context. All
equipment must be calibrated and functioning properly and permission to access site is ALWAYS a prerequisite.

Basic groundwater survey

CHECK

Documentation

CHECK

GPS unit, handheld w/batteries

Groundwater Source FORM

Water level probe (‘dipmeter’) and batteries

Field notebook and pens

Flow measurement container (check volume
first, do not make assumptions or
estimations. Volume = 1-minute yield)

Borehole records (if available)

Calculator

Permanent marker or chinagraph pencil

Digital camera

Relevant authorisation letter, if required

Pump kit, genset and associated equipment
if required

Site plans and map if required

Basic water quality measuring equipment

Safety equipment

Conductivity meter

First aid kit

pH meter (and temperature)

Drinking water

Turbidity

Gloves — leather heavy duty and
examination type

Alkalinity titration test kit, w/reagents

Sunscreen or shade

Hardness titration test kit, w/reagents

Appropriate footwear and clothing

Nitrate test kit, w/reagents

Phone, radio, or other communication
device

(True/apparent) colour/turbidity photometer

Tools and sundries

Other meters as required (ORP, DO etc.)

Basic toolkit, including electrical meter

Calibration fluids as required

Bucket(s)

Cold-chain equipment (check capacity)

Handwashing equipment and
consumables

Basic water quality measuring consumables

Disinfection wipes

Sample containers — min. 3 for one source

‘Gaffer’ or ‘duct’ tape, one roll

Ziplock bags

Measuring tape

Sample labels

Rope

Demineralised water (if sending blanks)

Other equipment not included above

Notes:
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Appendix 2: Groundwater Source FORM

Project/Location:

Date:

Source ID:

GPS Location:

X/E/W :

Y/N/S :

Z/elev. :

UTM zone :

Date of completion(dd/mm/yyyy):

Constructed by:

Type of source:

Owner-operator:

Report the current operational use and condition of the source and site:

Depth of borehole/well(m):

Water levels (mbgl) — Static:

Yield (w/units):

Dynamic:

Casing material and dia.(mm):

Abstraction infrastructure — note if this is spring source then complete only relevant information:

Pump installed (y/n):

Rising main type, dia. & length:

Type:

Enter any other comments about the installation:

Delivery material, dia. & length:

Depth (mbgl):

Water Quality Is there water quality information available for this site? (y/n):

Key comments on water quality, including any complaints from users:

If yes, the date:

Sampling details (field measurements should be made as close to the time of sampling as possible)

Date: Time of starting pump: Name of tester:
Time Flow Water EC Turbidity | Temp | Alkalinity | O%P/ DO
(hh:mm) ) level pH (uS/cm) (NTU) (deg.C) (mg/L) Redox (ma/L) WQ sample ID
: Units: (mbgl) H 8- 8 (mV) 8

Any other comments/observations — volumes of samples, shipping date, problems with sampling etc.:

All source and sample IDs used in this form must correspond with others used in all other forms, records, and reports.
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Appendix 3: Water quality chain of custody FORM

FORM no.:

Laboratory name:

Project & cost-centre:

Laboratory contact person:

Contact person: Phone:
Phone: Email:
Email: Contract/job number:

Other information:

. Date sampled | Preservation method .
Sample ID Source ID Location . Requested analysis Comments
P (dd/mm/yyyy) (if any) d Y
Sampled by (name and position): Signature:
Sample relinquished by: Signature:
Date: Time:
Sample received by (lab): Signature:

This form must be completed in conjunction with the Groundwater Source FORM and all sample IDs correspond with those used in all other forms, records, and reports.
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Appendix 4: Water quality test result sheet

Water quality test reporting and calculation sheet
1 A B c D E F G H |
2| wane [ M Velere | condFocor | Conc | oy | Eauolence | gor |
3 | calcium - Ca?* 40.08 2 52
4 | Magnesium - Mg?* 24.31 2 46.6
5 | Sodium - Na* 22.9 1 49.6
6 | Potassium - K* 39.1 1 72
7 | Ammonium - NHs* 18.01 1 - -
8 | Iron - Fe? 55.85 2 - -
9 Manganese - Mn?* 54.94 2 - -
10 | Aluminium - AB* 26.98 3 - -
1 Total '+";
12 | Bicarbonate - HCO3 61 -1 43.6
13 | Carbonate - COs> 60 -2 84.6
14 | Chloride - CI 35.45 -1 75.9
15 | Sulphate - SO4> 96.06 -2 73.9
16 | Nitrate - NOs 62.01 -1 71
17 | Fluoride - F 19 -1 - -
18 | Nitrite - NOx 46.01 -1 - -
19 | Bromine - Br- 79.9 -1 - -
20 | Orthophosphate - PO4* 94.97 -3 - -
21 | Silica - SiO2 60.08 n/a
22 Total '-'
23 Total ‘+' & *-* EC":
24 | Calculated EC (check
water type) us/cm
25 | EC(T<10 megq/L, or
T>10 and HCOs type)
26 | EC(T>10 megq/L, Cl
type)
27 | EC(T>10 megq/L, SO4
type)
28 | Calculated parameters mg/L mmol/L meq/L
29 TDS (mg/L): - -
30 Alkalinity as CaCOs :
31 Hardness as CaCOs
(Ca+Mg):
33 | lon balance error (%):
Note: Analytes in bold must be measured. Others make little contribution to the overall TDS of a sample, and thus are not critical for an ion balance analysis.
It is normal practice to measure nitrite (NO,"), ammonium (NH4*) and silica (SiO;) - the former two for a total nitrogen analysis and the latter as a risk
assessment for membrane treatment and plumbing systems.
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Appendix 5: Diagnosis table — water quality analyses

# Observation

Diagnosis/probably cause

Action

Sanions (meq/L) # Scations (meq/L),

Poor lab practice or faulty, uncalibrated equipment — this might apply to any of the below
issues.

Poor calculation, titration, or conversion/expression of results for bicarbonate
concentration (a major anion).

Sample separation at the lab, or preparation of two separate samples in the field might

Compare other WQ analyses from
the same source or lab.
Contact the lab to try and

Estimated/calculated EC # measured
EC.

measurement of EC cannot account for these species, but their constituents will be
measured in an analysis. Calculated EC would thus overestimate measured EC.
Possible lab error if the conditions above are not met - care should be taken before
reaching this conclusion as this estimation is rarely precise.

1 . I account for errors if filtration removes suspended solids at one stage. diagnose the problem. However,
with possible ion-balance error >5% S . L ) .
= Presence of a significant concentration of ionisable inorganics that are not measured care should be taken —there can
during sampling or lab analysis, e.g. fluoride, iron, silicates, boron. Note, however, that be a perfectly good reasons for
these would have to be present at very elevated levels to make a major contribution to these errors.
overall TDS.
= Presence of ionisable organic chemicals at (very) significant concentrations — this would
only be an issue here with the most polluted of sources.
Ascertain if high sulphate
concentration accounts for the
= The EC/100 relationship is an estimation that will not hold true for many natural waters issue.
EC/l.OO (1uS/cm) # 3anions (meq/L) or with elevated TDS, especially those with high sulphate concentrations. Compare other similar WQ
: >cations (meq/L), and/or = Sulphate complexes well with Ca and Mg ions to form uncharged species, e.g. CaS04° - a analysis results from the same

lab.

Carry out theoretical calculation
of EC using modified Rossum
method and compare with field
and lab results.

3 | Sanions (meq/L) >> Scations (meq/L)

Adsorption of cations onto suspended particles, or sample container wall, which are then
filtered out of solution, or remain adsorbed to container, prior to analysis.

Presence of cations that are not measured or expressed in report, although these should
form a small % of TDS.

Presence of suspended solids that are dissolved during alkalinity titration with acid, leading
to higher bicarbonate (major anion) result whilst filtration removes solids prior to cation
analysis.

Results from samples with high
suspended particle content
should be interpreted
accordingly.

Compare field measurements of
turbidity and

Ask lab to report all pre-testing
treatment/filtration methods.

4 | Sanions (meq/L) << Scations (meq/L)

Presence of anions that are not measured in the analysis, see 1 above.
Poor alkalinity titration or incorrect calculation/expression, leading to error in bicarbonate
(or carbonate) concentration.

Compare field and lab alkalinity
measurements.

Consider unmeasured anions, e.g.
fluoride.
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; . s = Check equipment.
Degassing, perhaps of CO,, from the sample results in pH change and precipitation of . .
. . = Carry out theoretical calculation
minerals out of solution — ECrelq Wwould thus be expected to be > ECjap. . e
5 | ECtieid # ECiap . : . of EC using modified Rossum
Poorly calibrated field or lab equipment. g
. . L . method and compare with field
Different, or poorly adjusted, temperature compensation in field or lab equipment. Usually
L L and lab results.
this is performed by the unit itself.
= Check field equipment is
calibrated.
Degassing (perhaps CO,) from the sample. = Establish if handling or
Oxidation of iron (Fe2*) or other metal species, leading to increase or decrease in pH (both preparation of samples might
6 | pHfield # PHiab might occur depending on other constituents and pH start-point). have caused degassing.
Poorly calibrated equipment used, either in field or lab. = Checkiron levels — high iron levels
Different, or poorly adjusted, temperature compensation in field or lab equipment. Usually are common in low pH waters
this is performed by the unit itself. and can often be associated with
turbidity, see 9 below.
= Compare field and lab
Lab or field equipment issues. measurements.
7 | Alkalinityfield # alkalinityiap Poor titration technique. = Check calculations.
Poor calculation, expression/conversion of concentrations, missing carbonate (CO3%) = Check carbonate concentration if
measurement. pH high.
Ensure good cold-chain and limit time
8 | Nitratesieq < nitratess Presence of nitrate related bacteria reducing nitrate in sample. between sampling and testing to
Poor cold-chain and extended (>48hrs) between sampling and lab analysis. <48hrs, if possible.
o ) ) ‘ ) . Ensure good cold-chain and limit time
9 | Turbidityfes < turbidityas Precipitation of minerals during transport, e.g. calcite or iron (hydr-)oxides. between sampling and testing to
Difference in measurement technique or units of expression. <48hrs, if possible.
o ) ) Ensure good cold-chain and limit time
10 | Coloursielg # colouriap Precipitation of minerals during transport. between sampling and testing to
Difference in measurement technique or units of expression. <48hrs, if possible.
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Appendix 6: The Periodic Table of Elements

1 18
1A 8A
1 2
1 H He
Hydrogen 2 13 14 15 16 17 Heliumn
101 | 2A Key 3A  4A 5A BA TA_| 4
3 y 11—— Atomic number = - : - g -
2| LI | B N B |C|N|O|F/|Ne
Lithium | Barylium ment symbol Boron | Carbon | Nivogen | Oxygen | Fluceine |  Noon
6.94 9.01 32?;'9" —T— Element name 1081 | 1201 | 1401 | 1600 | 1900 | 20.18
1 12 - Awmgamm' 13 14 15 16 17 18
3| Na | Mg Al Si P S Cl Ar
Sodum  |Magnesmm 3 4 5 6 7 8 9 10 " 12 Alsninumn | Siicon [P Sulfur | Chlorine Argon
2299 24.31 3B 48 5B 68 7B 8B 1B 2B 26.98 28.09 30.87 32.07 35.45 39.95
19 20 21 2 23 24 25 26 27 28 29 30 31 32 33 34 35 36
a| K Ca | Sc Ti Vv Cr [Mn | Fe | Co | Nl |Cu | Zn | Ga | Ge | As | Se | Br Kr
Potassum | Cakium | Scandium | Tetanum | Vanadium | Chromiumn [Mang Iron Ccbalt Nickal Copper Zro Galliun  |Germaniuml Arsenic | Sclonium | EBromine | Krypton
39.10 40.08 4496 4787 50.94 52.00 5404 55.85 5893 58.69 B63.55 65.39 69.72 7281 74.92 78.96 79.90 83.80
37 38 39 40 a1 42 43 44 45 45 47 48 49 50 51 52 53 54
s | Rb Sr Y Zr | Nb [ Mo | Tc | Ru | Rh Pd | Ag | Cd In Sn | Sb | Te | Xe
Aubidium | Strorumn | Yitrium | Zircomsuen | Niobium h m| Technatium | Ruthenium | Ahodium | Palladiumn Silver Cadmium |  Indum Tn Antimeny || Tolurium lodine Xenon
B5.47 87.62 88.91 9122 2291 95.84 (88) 101.07 | 102.81 106.42 | 107.87 112.41 114.82 118.71 121.76 | 12760 | 12680 | 13129
55 56 57 72 73 74 75 76 77 78 79 80 a1 82 a3 84 85 86
| Cs | Ba | La Hf Ta w Re | Os Ir Pt Au | Hg Tl Pb BI Po At Rn
Cegium Banum | Lantharum @l Hafnium | Tantalum | Tungston | Ahorium | Osmium Iridiumn Platinum Gold Marcury | Thallum Load Bismuth | Polonium | Astatine Radon
132.91 137.33 138.91 17649 | 180.85 183.84 | 186.21 180.23 192.22 195.08 | 196.97 | 20059 | 204.38 207.2 208.98 (209) (210) (222)
87 88 89 104 105 106 107 108 109
;| Fr | Ra | Ac | Rf | Db | Sg | Bh | Hs | Mt
Francumn | Radum | Actnium Qrutedordun | Dubnium |Scaborgum| Bohrium | Hassum | Meinerium
(223) (228) (227) (261) (262) (268) (264) (269) (288)
58 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce | Pr [ Nd |Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er [ Tm | Yb | Lu
* . o Cerium  |F Y Noodyrmium | P thium| Samarium | Europium |Gadoliium | Terbium | Dysprosium| Holmium | Erbium Thdium | Yttorbiun | Lutotiom
If this nurtz is in Pﬁm‘“;O:‘eﬂEﬂ 14012 | 14091 | 14424 | (145) | 15038 | 15196 | 157.25 | 15893 | 16250 | 16493 | 167.26 | 16893 | 17304 | 17497
:misﬂgem 20 91 92 93 94 a5 96 97 98 29 100 101 102 103
Th | Pa ) Np | Pu | Am | Cm | Bk Cft Es | Fm | Md | No Lr
Thoriun  |Protactiniem| Uranien | Neptunium | Pheonium | Ameeicium | Curium | Barkelum | Califiornium |Einstoiniun | Fermium | Mencaioviem | Nobelium | Lawrencum)
23204 | 231.04 | 238.03 (237) (244) (243) (247) (247) (251) (252) (257) (258) (259) (262)

Copyright © 2008 California Department of Education

Source; http://www.mychemistryclass.net/Files/Lab%20Page%200n%20Website/EDPeriodicTable.pdf
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Appendix 7: Overview of various (supra-)national water quality guidelines

USEPA MCL (or

USEPA Guideline

US EPA Guideline

USEPA RID

Kidney dialysis

Classification Name c“'"'"“"' Dissolved | Usual E’“""“‘“" WHO;"":"'"“ EC Guideline (2011) | n;’"':d"" ';::1 other) Guideline Yemen (2008) Kenya (2006) u‘"d“g:::' Africal  Nigeria (2012) Ethiopia (2013) | Bangladesh (2017) |(ACUTE - 1Day, 10kg| (ACUTE-10Day, | (me/kg/day)- Guideline
formte) units) eown) uidelines (2017) 18) child) 10kg child) lietime (Ansi/AAMI)
Temperature wa deg C/deg F e s a e s a e s wa wa wa a w/a wa
[Appearance/| " True Colour Unit | Nohealthbased | Acceptable to e, " B - s s " s " " e "
olour (TCU), Hazen guidance consumers
[Fhreshold Odour 3 threshold odour
S | e o | e | ko | aoweo | SIS | e | oo | e |, | e |, " "
(2018)
concentration
s ovmione| e | | roeweres | Fms | i | G | deme | v | demeo | dommn | o | s | emmn | " "
Geally <LNTU pre [TNTU, although some
Turbidity a U i i 5 sNTU 5 B s s nfa 0 wa a wa wa
[ Imethoos.
TS
(solids/Non-
e wa e/t wa o ol s wa ofa s a ofa ola e wa wa wa
residue (NFR)
Usually buffered o
pHat 25deg.C W Dimensionless | 6585(nothealth) | 265ands95 70105 65-85 659 6585 6585 6585 6585 a a ofa wa
Masterparameter eh-Volts (v/m¥), nd
AP/Redox
Onplfed a often as pe, which is a oa o/ a oa o/ a wa oa wa a wa na wa
Sats/salinty s mg/Las Nact seeT0S seeT0S see oS seeT0S seeTDs see DS seeT0S seeTDs see DS see oS seet0s see0s seetos wa
ectric
Canducthity nfa none, seeTDs 2500t 20°C none, seeTDs none, seeTDs 2500 e 150 nla 1400 ola n/a na a
(€ at25 atsc 5 ! > 5
deg.c
otalDisolvec|
P a e/l No HBG see £C,above 500(40) 500 (SDWR) 1500 1500 70 so0 1000 1000 a wa wa o
Sodum
Absorption | Na’,Ca?*, vg?* atio o a wa wa wa
Rato (AR)
(Total)
BulkParameters | Alalinity or
Acid a mg/LasCaco, e ofa ofa a ofa o/ wa oa o/ a s wa w/a oa
neutralzing
capacity (ANC)
(Total) Acidity Expressed s various
orTitratable a sics depending on wa ofa ofa a ofa o/ a ofa ofa a s wa wa a
cidiy ingusry
me/L2sCaCO, but
many others also setween s0and 100
o bt Notof heaith concern [mg/.-acceptable
P e Horaness, /o o 500 s00 30 wa 0 200500 wa wa wa wa
water (2017) corrosion and
b Degrees,grins per incustaton
Gsiton (us)
R orasawar
o — o o, saturation (partal nfa n/a ofa nfa n/a ofa nfa n/a n/a nfa n/a n/a n/a nfa
TS oressure, 90,
(Tota iica sio, me/Lsi0; o s wa s s wa a oa o/ o o wa /e /s
Gaicum - mg/L 20001 none none mone 0 70 150 none 3 7 none none none gl
Nagnesium g e/ none none none none o150 10 o0 02 50 05 none none none amg/t
20 me/Lforindidua
Najor Cation (3 X 200mg/Lasan lon  s00 myc
sodium N e/t womo) |, e none oY et 00 w 0 E o 10 none none none Toma/t
(owa)
Potassum e e/t none none none none 2 o e e 5 n none none none e/t
2S0ma/L(SOWR),
Noheatinatteciat |, gl rooc e
suhe | sow P B o w0 w0 w 0 400 et
raturslaters. | 20mE/Y finaised. 2018 Hov
Major Anion ) A
Chlorid ] L z0mg/L 35 an 250(a0) 250(50WR) 0 0 250 0 0 150600 %
orde “ e of 250mg/__| ‘ndicator parameter” ‘ none noe nore K
Scarvonate oo, a0, wa wa /e wa E) /s wa wa w/a s wone one none wa
Carvonate o ascaco, wa o o/a wa wa ofa o wa o/a wa none none none wa
Some/Land
m/Las NN, me/L nitate]/50+ | 0mg/Las N =asme/L | 10mg/L a5 =45/l | 10:50 (mpies as KO, 2me/L (a5 ) =8 8m/ |
Nitrate No; ey somgrLasno, || Imelsor o o, e 1055 NO, 4535 o, 5035 NO, 5035 NO, s03s MO, tomg/Lasn 1omg/Lash 16 o,
11 =conc.Inmg/L.
3ma/Land the sum of
the ratos of the
0 10me/lfornitite x| 1o or, g/t | mg/Las N =4 Sme/t
rogen iite No; e/t oncentratons o ac e e s 2 o 3 02 32580, a Img/LasN mg/Lash 016 a
toits guideline value
should not exceed 1
o0smg/L - Lome/ito
Ammonia/Am . . [preventformationof | 30m/L e time)
meni/ KN, e/t e [ELER - 055 053K, wa 15 0s none nore none e
niiication
anide o e/t oo 00 02 o1 /e o wa /e o/a Qamg/L Oamg/L 00006 e
Osma/Lor
fluoridated supples,
Fluoride f gt 15 s nples 15 amatt 1505 15 15 15 15 1 none none 006 gt
ocauring
G 000Tme/L (IFetime]
Phosphorous .
#0; et none none none for white os 0 22 wa o 6 none none 000002 wa
Minoranion | (P/Phosphate o/ ) : / :
phosphorous’
. Notof heaith concern
rarose s e/t atlevels foundiin nore none a ofa o1 a 00s o 0 noe none none wa
ulphide arinking water
Boron N’Eu’“‘:’ "y' BloH) me/L 24 1ask s noMcL n/a Las :' m: 2,425 Boric Acid n/a 03258 1 3mg/L 3me/l 02 nfa
a0 compounds
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drinking water

Alwaters

Common Dissolved| Usual Expression Canadian DW USEPA MCL (o USEPA Guideline | US EPA Guideline USEPA RfD Dialysis Guideline
Category Name issol ual Expressi WHO Guideline EC Guideline ctan el tor Yemen Kenya Uganda/ East Africa Ethiopia Bangladesh  |(ACUTE - 1 Day, 10kg| (ACUTE - 10 Day, (mg/kg/day) - Halysis Guicell
form(s) (units) Guidelines other) Guideline . " e (ANSI/AAMI)
child) 10kg Child) lifetime
Barium Ba’" me/L 0.7mg/L No EC guidance mg/L 2mg/L 0301 1asBa 07 07 07 0.01 07 02 0.1mg/L
ron Fe?', Fe*” mg/L n/a 02 03(a0) 03 (SOWR) 1 03 03 03 03 0310 none none none o/a
HBV of 0.4mg/,
2 previously had a
ngan m 4
Manganese M 8/l provtlonal 05mglL 0.05mg/t 0.05(A0) 005 (SDWR) 02 01 01 02 05 01 1mg/L 1me/L o1 nfa
Minor Cation standard.
<01
0.1:02me/L, primarily (conventional P—
Aluminium AP, A mg/L for surface water 0.2mg/L treatment); <0.2 (soWR) 0.2 0.1 0.2 0.2 0.2 0.2 none none none 0.01mg/L
treatment facilties. (other treatment
types)
Chlorine | HoCl(aal, Hel, ocL mg/L{ppm) 5 /a /a 4 /a 0.2:052s FRC 0.2:0.52s FRC 0.2:0.25 a5 FAC n/a 02 3 3 01 0.5mg/L(FRC)
i NGl (meno) n 3 7 3 . 2 / / / /i /i / /s 01 i
oramine | o ) Ne(i) mg n/a n/a n/a o/a o/a nfa nfa nfa nfa nfa
Chiori hlorite and
onine ao, mg/L see chlorte an n/a n/a 08 n/a n/a n/a n/a o/a o/a 08 08 003
Dioxide <hlorate
Treatment Chemicals |- Chlorite NaClO, me/L 07 o/a 1 1 o/a o/a o/a o/a o/a o/a 08 08 003
and By-Products of Chiorate Naclo, me/L 07 n/a 1 n/a nfa n/a nfa nfa n/a nfa n/a n/a n/a
Treatment 50 mg/litre (as NaDCC)
Cyanuric Acid CiHaN:Os me/ 40 me/litre (as n/a n/a nfa nfa nfa nfa nfa n/a n/a n/a n/a n/a n/a
yanuric acid)
[Many chemicals -
THMs  [bonds of halogens e/t
and chlorine
Antimony | sb(s), Sb(OH)s e/t 2 50 3 6 5 o/a o/a o/a o/a o/a 0.01mg/L 0.01mg/L 0.0004 0.006mg/L
HASO,” in more
Arsenic | Oxidised waters. me/L 001 001 001 001 001 005 001 001 001 005 none none 0.0003 0.005mg/L
As(s) inmore
reduced waters,
se(0H), ) Not of health concern
Beryllium e{OH), {s) mg/L at levels found in n/a n/a 0004 n/a n/a n/a n/a n/a n/a 30 30 0.002 0.0004mg/L
relatively insoluble crinking water
Cadmium ca* me/L 0003 0.005 0005 0005 0005 0005 0003 0003 0003 0005 004 004 00005 0.001mg/L
Chromium o, cr(iv)o,! mg/L 005 005 005 01 005 005 005 00s 005 005 1mg/L (total) 1mg/L (total) 0.003 0.014mg/L
Cobalt co* me/L n/a nfa n/a nfa ofa 1 ofa ofa ofa ofa nfa nfa nfa nfa
Copper a me/L 2 2 1 13 1 01 1 1 n/a 1 n/a n/a n/a 01mg/L
Lead Pb* me/L 001 001 001 0 005 001 001 001 001 005 nfa n/a nfa 0.005mg/L
Mercury
H L 6 1 1 2 1 { 1 1 1 1 2 2 03 0.0002mg/L
(inorganic) ¢ vl s e/
o retaivet Not of health concern
H Molybdenum |10 S8 MY Hart at levels found in o/a nfa nfa nfa nfa 007 nfa n/a nfa 008 008 0.005 nfa
£ rinking water
2 Nickel Ni(H,0)¢* e/t 70 20 n/a n/a 20 300(!) 20 20 n/a 10 1 1 0.002 n/a
8
Perchlorate cloy et 7 n/a n/a ofa ofa ofa nfa ofa ofa nfa nfa n/a 0007 n/a
selenate (5204 2-)
Selenium | biselenite (H5e03-) mg/L 004 001 005 005 001 001 001 n/a 001 o001 n/a oa 0005 0.09mg/L
selenite (Se032-)
inad data to set
silver g me/L nadequate data to s n/a n/a 0.1(SOWR) 00101 ofa ofa ofa ofa 002 n/a n/a n/a 0.005mg/L
standard
Thallium n e/t n/a n/a n/a 2 nfa nfa n/a n/a n/a n/a 7 7 na 0.002mg/L
Tin sn n/a n/a o/a 3 nfa nfa ofa nfa n/a n/a na
Titanium T n/a n/a n/a 4 n/a n/a n/a n/a n/a n/a n/a
Uranium n/a n/a n/a s n/a o/a n/a n/a n/a n/a na
Vanadium n/a n/a n/a 6 n/a n/a n/a n/a n/a n/a n/a
Not of health concern s omalL
Zine n? e/t at levels found in none but 3.ome/L for Smg/L none 15 B B 3 5 5 6 6 03 01mg/L

Key: DWA = drinking water advisory, SDRW = secondary drinking water regulation (non-enforcable USEPA level), AO = aesthetic objective (Health Canada), HBG = health based guideline (WHO), MCL = maximum contaminant level (USEPA)
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