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INTRODUCTION

Water is one of the most powerful geochemical media available to geoscientists, and with enough time can dissolve
almost any natural material. The unique nature of the hydrosphere to interact with all other environmental spheres (i.e.
pedosphere, biosphere, lithosphere, and atmosphere; Miller 1979) makes it an incredibly useful tool for understanding the
mobility of elements in nature from source to sink throughout the water cycle (Stumm and Morgan 1970).

As water moves through this cycle, from precipitation to ground infiltration, water collects in streams, wetlands, lakes,
and groundwater aquifers, it flows through a wide range of materials and permeable strata (Yang et al. 2021). Throughout
its journey, water picks up chemical fingerprints from both natural and anthropogenic materials it encounters. When ana-
lyzed using appropriate methods, water can reveal the presence of mineralization, track environmental change, and help
delineate geochemical patterns across entire regions (Painter et al. 1994).

For over four decades, the Geological Survey of Canada (GSC) Analytical Method Development Laboratory, renamed
the Inorganic Geochemical Research Laboratory (IGRL) in 2010, has been at the forefront of designing methods and pro-
tocols for natural waters collection, preservation, and analysis. Landmark studies by Hall and collaborators (Hall 1979,
1988, 1992, 1993, 1998; Hall and Vaive 1992; Hall and Pelchat 1993; Hall et al. 1996, 2002, 2006) established modern
standards for water sampling and analysis, and the GSC has steadily advanced these methods as analytical technologies
evolved. The GSC's research laboratory has successfully bridged the gap between field and laboratory method develop-
ment, ensuring that modern ultra-trace analysis methods are combined with best practice in field sampling.

This article provides an overview of the methods and tools used for the analysis of water, with guidance on best prac-
tices for sample collection and handling to assure high-quality results.

FIELD PROTOCOLS: GETTING THE SAMPLE RIGHT

The quality of water geochemical data is correlated to quality of field sampling, where adherence to consistent best
practices is essential for obtaining reliable and defensible results (e.g. Hall and Pelchat 1993; Hall 1998; Hall et al. 2002).
At each sampling location, the GSC collects two water samples in 60 mL bottles (Fig. 1A): one filtered and acidified
sample for dissolved element analysis and one unfiltered, unacidified sample for bulk water chemistry. This two-bottle
approach enables comparison between dissolved
and total recoverable metal concentrations while
also allowing assessment of the effects of filtration
and preservation on analytical results. To monitor
sampling reproducibility and contamination, field
duplicate samples, consisting of two independent
collections at a field site, and field blanks,
prepared by processing deionized water as a
sample, are inserted at a rate of 10% of the total
sample population..

Several factors influence the stability and inte-
grity of collected water samples. One of the most
important considerations is bottle selection. The
use of 60 mL high-density polyethylene (HDPE)
bottles (Fig. 1) is recommended because they are
chemically resistant, lightweight, durable, inexpen-
sive, and suitable for low-level trace metal analy-

ses (Hall 1998; Hall et al. 2002). These bottles do Fig. 1. (A) Water filtration in a mobile field laboratory set up in the back of a

not require extensive pre-cleaning and are typi- vehicle using (B) GSC water filtration and collection protocols developed by
cally prepared by rinsing with deionized water and, gl (1998).

when appropriate, a small volume of sample water
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immediately before collection. Bottle quality is routinely mon-
itored through batch testing, in which one bottle from every
batch of 72 is filled with a blank solution and analyzed along-
side field samples to assess potential contamination.

The filtration system is another critical component of sam-
ple collection. The collection of the dissolved constituents of
water samples is pest gchievgd using a pre-rinsgd 60 mL.aII— original EXPLORE Newsletter.
polypropylene syringe fitted with a 0.45 ym Sterivex cartridge Therefore, page numbers may
filter (Fig. 1B) containing a Durapore membrane (Hall 1998). not be continuous and any
The absence of rubber components minimizes the risk of trace advertisement has been masked.
metal contamination, while the polypropylene and Durapore
materials reduce analyte adsorption. This filtration system pro-
vides a simple and effective means of obtaining representative
dissolved-phase samples at the point source.

Sample preservation is equally important for maintaining
sample integrity between collection and laboratory analysis
(Hall et al. 1996, 2002, 2006). For dissolved metal analyses, filtered samples should be acidified immediately after filtra-
tion, where possible, with ultrapure nitric acid to a final concentration of approximately 0.4% HNO3. This level of preserva-
tion is generally sufficient to maintain elemental stability for at least one month at room temperature. In waters containing
elevated concentrations of organic matter or colloidal material, acidification levels of up to 1% HNO3 may be required, as
some of the acid is consumed during the oxidation of organic constituents. Appropriate preservation helps prevent metal
precipitation, adsorption to container walls, and other processes that may alter dissolved metal concentrations during stor-
age and transport. Once collected, waters are stored under refrigerated conditions until transported back to GSC IGRL
laboratories in Ottawa for analysis. Samples are transported in sealed coolers with ice packs. To test for potential sources
of contamination during transportation, travel blanks consisting of preprepared aliquots of ultrapure deionized water are
included in each sample batch.

Combining the use of appropriate sample bottles, contamination-free filtration, immediate preservation, and rigorous
quality control procedures help ensure that dissolved metals remain in solution and that analytical results accurately
reflect environmental conditions at the time of sampling. Consistent application of these practices is fundamental to gener-
ating high-quality water geochemical data suitable for research, monitoring, and mineral exploration applications.

Note: This EXPLORE article
has been extracted from the

PRE-ANALYTICAL HANDLING OF INCOMING WATER SAMPLES

Samples arriving at the GSC’s IGRL in Ottawa are stored under controlled cool and dark conditions before sorting and
cleaning. Unacidified sample aliquots are separated, sorted, and chilled in refrigerated conditions with minimal light
exposure. Decades of GSC research have revealed that many metals can be lost due to adsorption onto container walls if
samples are not preserved appropriately (Hall 1998). Preservation tests (Fig. 2) indicate that metals can be lost
quantitatively to adsorption within a matter of less than two months. Of most concern are elements such as Fe, Mn, Al
(Fig. 2), Ti, and Pb, which can show losses of more than 50%. However, adsorption can be reversed by acidifying the
samples and letting them stand, resulting in >90% recovery in solution after about a week (Fig. 2). As a result, if the
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Fig. 2. Percentage element recoveries according to preservation and analysis timeline variation.
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samples are not acidified in the field, they must be
acidified immediately upon arrival at the laboratory. The
field- or laboratory-acidified samples are stored at room
temperature under a vented enclosure on a class 100
bench for a minimum of 3 weeks. The longer stabilization
time ensures more accurate and reproducible dissolved
metal concentrations, which is critical for regional surveys
and long-term datasets.

LABORATORY ANALYTICAL WORKFLOW

Filtered Unacidified and Unfiltered Unacidified Split
Within a few days of arrival in the lab, alkalinity,
conductivity, and pH are measured using a Man-Tech
PC-Titrate™ system equipped with a Titra-Sip™ module.
Total organic carbon (TOC) is subsequently determined
using a Shimadzu TOC-L analyzer employing a 680°C
catalytic combustion oxidation method with non-dispersive
infrared (NDIR) detection. Results are reported as
dissolved organic carbon (DOC).

Conductivity measurements are used to estimate the
dilution factors (Fig. 3A) required for subsequent anion
analyses and, later, ICP analyses (Fig. 3B). As a general
guideline, samples with conductivity values below 1,000
puS/cm are analyzed undiluted. Samples with conductivity
values between 1,000 and 2,000 uS/cm are analyzed at a
10-fold dilution. Samples exceeding 2,000 uS/cm are ini-
tially diluted 100-fold and reanalyzed at a lower dilution, if

g
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Fig. 3. (A) Sample dilution being performed in a GSC clean lab
environment, and (B) samples loaded onto an autosampler ready
for ICP-MS (inductively coupled plasma-mass spectrometry)
analysis.

necessary. This approach improves analytical efficiency
while minimizing contamination and maintenance require-
ments for the instrumentation.

Anion concentrations, including bromide, chloride, flu-
oride, nitrate, phosphate, and sulphate, are determined using
a Dionex ICS-2100 ion chromatograph equipped with an AS-
AP autosampler. Separation is achieved using an AS18 ana-
lytical column and a three-step potassium hydroxide (KOH)
gradient elution ranging from 12 to 52 mM.

Quiality assurance and quality control (QA/QC) proce-
dures are applied throughout the analytical process. Method
blanks and Environment and Climate Change Canada
(ECCC) reference waters (ASSIN-02, LON-18, MISSIPPI-14
and MAURI-17) with certified concentrations for the meas-
ured parameters are analyzed at a frequency of one per 40
samples to assess analytical limits of quantification and pre-
cision, respectively. In addition, replicate sample analyses
are performed at a frequency of one per 20 samples to
assess analytical repeatability on unknown samples.

Filtered Acidified and Unfiltered Acidified Split

Acidified samples are initially analyzed using a Spectro Arcos
inductively coupled plasma optical emission spectrometer
(ICP-OES) (Fig. 4) to quantify major and trace elements and

continued on page 6
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Fig. 4. (A) Analysis performed using a Spectro Arcos ICP-OES,
and (B) analysis performed on an Agilent QQQ-ICP-MS.

evaluate the overall matrix loading. Samples are then
analyzed using an Agilent 8900 triple quadrupole inductively
coupled plasma mass spectrometer (ICP-MS/MS, also called
QQQ ICP-MS or TQ-ICP-MS) for trace element
determination.

The ICP-OES (Fig. 4A) and ICP-MS (Fig. 4B) analyses
are performed independently by dedicated analysts using
separate calibration standards, including independently pre-
pared primary standards. This approach provides an
additional level of quality assurance through independent
verification of elemental concentrations (external reprodu-
cibility). Calibration standards are matrix-matched to the
sample matrix (1% HNO3) to minimize matrix-related analyti-
cal bias. A subset of elements is measured by both ICP-OES
and ICP-MS to allow cross-comparison of results, with a tar-
get agreement of £5% between the two techniques for most
analytes of interest.

Comprehensive quality assurance and quality control
(QA/QC) procedures are incorporated throughout the analyti-
cal workflow. Procedure blank samples are analyzed at a
frequency of one per 40 samples to monitor potential con-
tamination. Randomized replicate samples are included at a
rate of one per 20 samples to assess analytical precision and
repeatability. In addition, the certified reference water NRC
SLRS-6 is analyzed on both instruments every 40 samples to

continued on page 7
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verify analytical accuracy and inter-instrument comparability.
To further strengthen data quality, additional well character-
ized reference waters provided by Environment and Climate
Change Canada (ECCC; e.g., TMDA-51.6 for ICP-OES and
TM-26.5 or TM-9.3 for ICP-MS) are analyzed on each instru-
ment at the same frequency.

40 YEAR JOURNEY...
Over the past 40 years, the GSC has analyzed a wide range
of natural waters for geochemical and environmental
applications (McClenaghan et al. 2022). These include
regional geochemical survey waters, such as the National
Geochemical Reconnaissance (NGR), which collects
systematic reconnaissance-scale datasets to inform
environmental baselines or support mineral exploration
through the release of pre-competitive data (McCurdy et al.
2014). These survey programs often aim at collecting
samples in the hundreds or thousands from lakes and
streams (Fig 5). Data are subsequently released as raw data
or interpreted products in GSC open file reports and scientific
journal papers (e.g. Friske et al. 1993, 2004, 2006a,b;
McCurdy 1997; Cook et al. 1999; Day et al. 2005a,b, 2012,
2013; McCurdy et al. 2009, 2013, 2014; McCurdy and
McNeil 2014; McNeil et al. 2015, 2017; Tremblay et al. 2016;
Zhang et al. 2025) (Fig. 6). These data are available through
the GSC data portal, Canadian Database of Geochemical
Surveys (CDoGs) (Adcock and Spirito 2024) at
https://geochem.nrcan.gc.ca/cdogs/content/main/home_en.htm
and via the NRCan Open S&T Repository (OSTR) at
https://ostrnrcan-dostrncan.canada.ca/ home.

The GSC has also conducted extensive studies of envi-
ronmental waters near mineral deposits and mine sites,
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Fig. 5. (A) Dissolved concentrations of Zn characterized by size and As by colour, from stream water samples collected from Macmillian
Pass — Sekwi Mountain, NWT. Presented data are from GSC Open File 4949 (Day et al. 2005a). Mineral occurrences and classification
are from NTGS (2026). (B) Study location indicated by the grey polygon within the NTS grid system for Canada (105P).
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including investigations of acid rock drainage under the
GSC's environmental geoscience programs (e.g. Desbarats
and Dirom 2007; Desbarats et al. 2010; Parsons et al. 2001,
2012, 2013; McNeil et al. 2016; Gammon 2018; Parsons
2019). It has also studied metal mobility as an exploration
tool (e.g. Hall 1992; Hall and McConnell 1994), more
recently under the GSC's Targeted Geoscience Initiative
(TGl), Critical Mineral Geoscience and Data (CMGD), as well
as and Geo-mapping for Energy and Minerals (GEM) pro-
grams (McClenaghan et al. 2015; McNeil et al. 2018; Kidder
et al. 2025, 2026; Voinot et al. 2026). Additional specialized
water analyses have included snow and ice (Krachler et al.
2005; Zheng et al. 2006, 2014), groundwater (Desbarats and
Dirom 2007; Desbarats et al. 2017), high arctic lake and
groundwater dynamics (Faucher et al. 2022, 2026), and
unique environments, such as Burning Lake and underwater
fumaroles (Grasby et al. 2025, 2026).

From the early days of ICP-MS analysis using the Sciex
Elan 250 to the present, major technological advances have
transformed the GSC’s analytical capabilities. Detection
limits have steadily improved to sub-ppt levels for some ele-
ments, and modern interference-removal techniques have
significantly enhanced data quality. The GSC’s IGRL labo-
ratory is now equipped with a high-resolution sector-field ICP
MS coupled to a desolvation nebulizer, providing a powerful
platform for analyzing challenging matrices and achieving
ultra-trace detection performance.

...AND THE FUTURE

The GSC continues to innovate, with several active and

emerging research directions in surface-water geochemistry.

With improved limits of detection, it is now possible to evaluate sample preservation strategies for platinum group element
(PGE) analysis, as pre-concentration techniques are no longer required to achieve reliable results. Ongoing work coupling
ion chromatography (IC) with ICP-MS for metal-dissolved organic matter (DOM) speciation is opening new pathways for
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exploration geochemistry by providing deeper insight into
metal mobility, complexation, and transport in natural waters.
Additional research areas include the application of machine
learning for geochemical anomaly detection and the
ultra-trace determination of critical minerals in surface
waters. Collectively, these advances will help ensure that
Canada remains at the forefront of geochemical research
and analytical innovation.
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