ACT NOTE # 1 – Lithium UCMR 5

Lithium (Li) Analysis that Meets the Requirements of the United States Environmental Protection
Agency Fifth Unregulated Contaminant Monitoring Rule (US EPA UCMR 5) and EPA Method 200.7.
Author: William Dahl

Spectral Lines of Lithium

Introduction
The US EPA has a specific program designed to monitor for unregulated contaminants in drinking water.
In the latest version lithium was added primarily due to its use as a pharmaceutical. The following ACT
NOTE presents an analytical method that meets and exceeds the requirements for testing via EPA 200.7,
Inductively Coupled Plasma Optical Emission Spectroscopy (ICP‐OES). UCMR 5 specifically requires use
of this technology in monitoring for lithium in drinking water. A reporting limit of 9 ug/L is required.
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Experimental
All measurements were performed using an Agilent 5110 ICP‐OES fitted with an AVS‐7 advanced valve
system as well as an SPS‐4 autosampler. The sample introduction included a OneNeb Series 2 nebulizer
and a double pass glass cyclonic spray chamber. Sample / carrier tubing was white / white with an
internal standard tubing of blue / orange. Yttrium (Y) was used as an internal standard.
While 200.7 allows for a 2‐point calibration, UCMR 5 specifically requires a multi‐point calibration for
this application. The concern is that lithium is very easily ionized and can be non‐linear if method
conditions are not properly optimized. For this ACT NOTE, nine levels were used (0, 8, 40, 80, 160, 500,
1000, 2000, and 4000 ug/L) to demonstrate linearity across a wide range. In a production setting, one
could use as few as 4 levels: a blank plus 3 non‐zero standard levels.
Lithium was measured at 670.783 nm while the internal standard, Yttrium, was measured at 488.368
nm. To meet the requirements of EPA 200.7, 4 replicate readings were taken.
Table 1: Measurement Conditions
Viewing Mode
Viewing Height
Power
Nebulizer Flow
Read Time
Plasma Flow
Aux Flow

Radial
14 mm
1000 Watts
0.85 L/min
14 seconds
12 L/min
1 L/min

The key to success for this application is the use of FACT background correction. The reason for this is
that there is a prominent argon line at 670.803 nm. Argon is the gas used to create the plasma;
therefore, we have lots of signal from argon. FACT is a whole region background technique using
spectral de‐convolution to eliminate the structured background from the argon. This allows testing at
much lower levels than when using traditional off‐peak background correction or fitted background
correction. While the argon is consistent, it does have an effect, especially at lower concentration
levels. As shown in Table 2, spectra of differing levels (500 ug/L, 40 ug/L, and 8 ug/L respectively) of
lithium demonstrates the varying influence of argon on the overall signal. The dotted line represents
the argon background while the solid line is the overall signal. As seen in the spectra, at 8 ug/L argon
represents a majority of the signal.
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Table 2: Comparison of lithium spectra at 670.783 nm
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Results
Table 3 shows the calibration graph from 8 ug/L to 4000 ug/L. The error was less than 3% across all
levels. A linear curve fit was used to process the data. The correlation coefficient is 0.99995 and the
%RSE is 1.7%.
Table 4 shows a series of seven spike replicates at 2 ug/L. The spikes are standards prepared on the
same day. They are not digested. These are presented to demonstrate instrument precision and
sensitivity. Actual MDLs will vary based on laboratory preparation procedures and reagents.

Table 3: Calibration Graph

Page 4 of 6

ACT NOTE # 1 – Lithium UCMR 5

Table 4: Method Detection Limit

Page 5 of 6

ACT NOTE # 1 – Lithium UCMR 5

Discussion
The data clearly indicates the analysis method described above is more than adequate to meet the
requirements of US EPA UCMR 5 and US EPA 200.7. The calibration curve encompasses the required
reporting limit (RL) of 9 ug/L. The Method Detection Limit of 0.344 ug/L is an order of magnitude lower
than what is required to support an RL of 9 ug/L. The data is linear over a wide range.
FACT is key to allowing this enhanced sensitivity. The Agilent 5110, as configured, exceeds expectations.
It is expected that one would expect to get adequate results using any of the Agilent 5000 series
instruments. In addition, it is expected that one should easily be able to get adequate results using
alternative sample introduction systems. For example, one should be fine using the SeaSpray nebulizer.
While this was not discussed in the scope of the data analysis, the system as fitted with the AVS‐7, SPS‐
4, and configured with the method conditions above yielded an analysis time of approximately 1 minute
and 36 seconds per sample (or 96 seconds per sample). Therefore, this method is appropriate for a high
production laboratory setting.
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