
1. IntroductIon 
Brines play an important role in the industrial production of magnesium and chlorine by electrolysis, as agent for water-injection in 
oil-wells, as starting material for the fabrication of high-purity salts and preservatives, and in some places naturally occurring brines 
and sea water are considered an attractive candidate for drinking-water production. Yet, the elemental analysis of brines present 
many problems for operators in routine laboratories including poor long-term plasma performance (plasma collapse, line drifting), 
ionization interferences arising from alkali and alkaline earth metals, elaborate rinsing routines to avoid memory effects as well as 
frequent clogging of nebulizers and injectors that are responsible for frequent instrumental down-times and consumable costs. 

In this regard, PlasmaQuant® PQ 9000 Elite’s exceptional plasma 
performance, sensitivity and the superior design of its V Shuttle 
Torch facilitates a highly competitive analytical performance with 
an unrivalled ease of use.  

Brine Analysis by Hr IcP-oES on PlasmaQuant® PQ 9000 
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2. ExPErImEntAl
Synthetic brine solutions (NaCl p.a., Sigma Aldrich) with nominal salt contents of 10 % and 24 % as well as a saturated solution 
were used for long-term continuous aspiration tests and determinations of detection limits on the PlasmaQuant® PQ 9000 Elite 
equipped with Salt-Kit. Detailed system configurations for the analysis of typical major (alkali and earth alkali) and minor (heavy 
metals, non-metals) elements in brine or sea water samples are summarized in table 1.
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Table 1: Configuration of the PlasmaQuant® PQ 9000 Elite equipped with HF-Kit

Parameter Specification

Power 1400 W

Plasma Gas Flow 15 L/min1

Auxiliary Gas Flow 2.0 L/min

Nebulizer Gas Flow 0.5 L/min

Nebulizer concentric nebulizer with self-washing tip, 1.0 mL/min

Spray Chamber cyclonic spray chamber with dip tube, 50 mL

Room Temperature 20°C, temperature deviations may trigger precipitation 

Injector borosilicate, 2 mm; torch position: - 2 mm2

Outer Tube/Inner Tube SiAlON/borosilicate  

Pump Tubing PVC

Sample Pump Flow 1.0 mL/min, argon humidification was used

Rinse/Read Delay 100 s

Integration time 3 s (3 replicates), except for LOD measurements (10 s, 11 replicates)  

Plasma view axial, radial (Ba, Li), radial PLUS (Sr, Li, K, Ba)

Baseline fit Automatic Baseline Correction (ABC) 

1 Elevated plasma gas flow is a prerequisite for the analysis of saturated NaCl, but may be lowered when salt content is reduced.
2 Spacing between injector and coil further reduces salt precipitation at the injector tip in particular for saturated NaCl solutions. 
 



In addition a sample collected from the Dead Sea (with an average salt content of 28 %) was tested for heavy metals, non-metals, 
alkalis and earth alkalis. Sulfur traces were evident by axial plasma observation and Barium, Potassium, Lithium, Strontium as well 
as Manganese were analyzed by either radial or radial PLUS plasma views from the same run due to Dual View PLUS.

Table 2: Overview of detection limits for brine solutions with different salt content as well as results for the analysis of a 
Dead Sea sample on PQ 9000 PlasmaQuant® PQ 9000 Elite
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3. mAtrIx-SPEcIfIc dEtEctIon lImItS
The detection power of the ICP optical emission spectrometry is hugely affected by the ability of the plasma to tolerate high 

sample loads. For matrix-rich samples like brine and sea water effective detection limits will then be best when excellent plasma 
and signal stability are achieved, while sample dilution is minimal. Otherwise, already small analyte signals of traces and ultra-
traces will become undetectable. 
The detection limits obtained for a saturated (> 300 g/L) and a 10 % NaCl solution given in Table 2 illustrate the exceptional 
potential of PlasmaQuant® PQ 9000 Elite. Sustaining stable plasma conditions for highly concentrated salt matrices like this 
while using it analytically for trace and ultra-trace analysis, the realm of possibilities expands significantly. That is, for heavy 
metals like Cadmium, Copper and Chromium sub-ppb quantification in 30-240 g/L by ICP-OES becomes possible. 

limits of detection [µg/kg]1 dead Sea Sample 

Element/line 10 % nacl saturated nacl [mg/l]

Al 396.152 nm  1.00 (axial)  1.05 (axial) < DL (axial)

Ba 455.403 nm  0.12 (radial)  0.11 (radial)     5 (radial PLUS)

Ca 393.366 nm  1.70 (axial)  9.52 (axial) -2

Cd 226.502 nm  0.25 (axial)  0.88 (axial) < DL (axial)

Cr 267.716 nm  0.39 (axial)  1.38 (axial) < DL (axial)

Cu 324.754 nm  0.23 (axial)  0.87 axial) < DL (axial)

Fe 259.940 nm  0.29 (axial)  0.89 (axial) < DL (axial)

K 769.896 nm  6.48 (axial) 42.45 (axial) 3.5 (radial PLUS)

Li 670.784 nm  1.21 (radial)  0.51 (radial) 12 (radial PLUS)

Mg 279.553 nm  0.90  (axial)  4.46 (axial) -2

Mn 257.610 nm  0.07 (axial)  0.12 (axial)     6 (radial)

Ni 231.604 nm  1.03 (axial)  3.10 (axial) < DL (axial)

P 177.495 nm 12.01 (axial) 29.34 (axial) < DL (axial)

S 180.672 nm 26.76 (axial) 65.06 (axial)   75 (axial)

Sr 407.771 nm  0.01 (axial)  0.05 (axial)       100 (radial PLUS)

1  ... 3 SD of calibration blank (from 11 runs with a 10 s integration time) 
2  ... content too high for detection in original sample materials.
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4. long-tErm PlASmA PErformAncE 
Sustaining long-term plasma stability for high sample loads and, hence, good signal stability with low signal-to-noise levels is the 
most important prerequisites for the applicability of ICP-OES to the analysis of brine solutions. Intensity deviations in the range 
from ± 5 to 10 % over an average working day are typically accepted by industrial laboratories when analyzing brines or fusion 
products. 
In order to demonstrate the full applicability of PlasmaQuant® PQ 9000 Elite for industrial routine analysis of such solutions, 
multiple continuous aspiration tests using aqueous NaCl solutions with a nominal salt content of 24 % were conducted over a 
period of 6 hours for eight different lines including Al 167.022 nm and Ba 455.403 nm (Figure 1). It was found that best plasma 
performance was achieved when V Shuttle Torch and cone were cleaned after no-more than 3 hours of continuous aspiration. 
Under such conditions, only minor intensity drifts for all lines of less than ± 5 % were observed, while RSD-values were about 
1 % even when no internal standard was used. 

The recommended cleaning step which involves the temporary shut-down of plasma showed little effect on the intensity of all lines 
and recalibration was not necessary when restarting the plasma. The cleaning procedure typically takes 5 to 10 minutes; however, 
even if the plasma was switched off for about 1 hour no additional warm-up time was required for the instrument as can be seen 
from Figure 1. 
Such excellent plasma performance is a considerable achievement for the analysis brines by ICP-OES, which highlights the 
superiority of the free-running 40 MHz RF tube generator of the PlasmaQuant® PQ 9000 Elite for such applications.

Chemicals were from SigmaAldrich® and Merck®.
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Printout and further use permitted with 
reference to the source.

Figure 1: Results for long-term aspiration test of 24 % NaCl solution with an interim system shut-down.  
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