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Introduction

The chemical composition for bleach is sodium hypochlorite (NaOCI). Bleach applications prior to Covid were
predominantly household laundry and clinical laboratory disinfecting procedures. Post-Covid, bleach is used
residentially and commmercially for disinfecting activities which increases the demand and therefore, production
of the product.

Sodium hypochlorite is only compatible with a few metals - titanium, platinum, gold, silver, and tantalum?®.
All other metals present will cause contamination and increased product decomposition and oxygen gas
production. Limited contact with stainless steel, copper, brass, and other alloys should be considered. Copper
and steel alloys are commonly used in the manufacturing process of bleach. It has been shown that when
nickel and copper are present there is an increase in the overall catalytic reaction rate. The high purity bleach
specification is < 50 ppb transition elements. In addition, it is noted that the presence of organic material and
suspended solids of calcium and magnesium will increase the rate of decomposition. As a result of these
concerns, these elements are also monitored. These factors are considered in manufacturing as well as storage
of the final bleach product.

This application brief will outline the process of preparing and analyzing eleven elements in a commercially
available bleach. The Radom MICAP-OES 1000 was utilized to determine the eleven target elements: aluminum
(Al), calcium (Ca), cobalt (Co), chromium (Cr), copper (Cu), iron (Fe), magnesium (Mg), nickel (Ni), lead (Pb) and
zinc (Zn).

MICAP-OES

MICAP-OES 1000 is a Microwave Indicatively
Coupled Atmospheric Plasma — Optical Emission
Spectrometer with 1 kW power. This innovative
nitrogen-based plasma source replaces the
traditional argon generated plasma technology.
This is only possible by incorporating Radom's
CERAWAVE™ technology which replaces the
metallic water-cooled coil found in commercially
available ICP-OES instruments today.

CERAWAVE™

The independent plasma source is coupled to an echelle based, research-grade spectrometer via a fiber optic
connection. The plasma is viewed axially with auto-optimized plasma tail removal. The optimized viewing
position is ensured with the torch alignment system. The entire echelle spectrum (194nm to 625 nm + 766nm)
is simultaneously captured with each replicate measurement.

MICAP-OES 1000 is a powerful instrumental technique for metal analysis. This instrumentation provides
fast, simultaneous sample measurements eliminating multiple preparation steps. In addition, the analysis
is performed using instrumentation with low carbon footprint by eliminating the need for combustible gas,
sustained usage of argon gas, and chillers. The benefits are a low-cost, ease of use analysis while reducing
chemical waste and carbon emissions.
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Experimental Design

One bottle of commercial bleach product was purchased for the experiments.
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The 5g + 0.005g of household bleach was weighed in triplicate in 50mL single-use Digitubes. In addition, to
verify the preparation procedure, a method blank (MB) and a laboratory control sample (LCS) were prepared
and digested in the same process as the samples. The digestion consisted of adding 10mL of de-ionized water,
2.5mL concentrated hydrochloric acid (HCI), and TmL of 30% hydrogen peroxide (H,0,) to each sample tube.
The LCS and two of the three bleach samples were spiked with 0.5ppm of the target analytes, aluminum (Al),
calcium (Ca), cobalt (Co), chromium (Cr), iron (Fe), magnesium (Mg), manganese (Mn), nickel (Ni), lead (Pb) and
zinc (Zn). For matrix matching purposes, 0.57g of 99.999% sodium chloride (NaCl) was added to the MB and LCS
to achieve 1.14% NaCl. All five sample tubes were digested for 60 minutes utilizing an SCP Science DigiPrep Jr
Hotblock set to 90°C. The digested test solutions were allowed to cool to room temperature, Yttrium (Y) added
as an internal standard for a final concentration of 2.0 ppm, and then diluted to 50mL with Type | DI water.

Standard Preparation

Five standards were prepared in single use, 50mL
tubes. The standards were prepared from a multi-
elementstandard. The diluent was 5% HCL and 1.14%
NaCl. Yttrium (Y) was added to each test solution
and standard at a concentration of 2.0 ppm. Note,
an on-line addition can also be considered for
internal standard addition.

Table 1 presents the standard concentrations
prepared for analysis.

The MICAP sample introduction assembly
components utilized for this work are summarized
in Table 2.

Component Description

Torch Radom 1.5 mm injector

Spray Chamber Single pass cyclonic

Nebulizer High efficiency polymeric nebulizer
Sample Tubing Black/Black Solva Flex (0.76mm ID)
Drain Tubing Blue/Yellow Solva Flex (1.52mm D)

Table 2. MICAP-OES 1000 Sample Introduction Assembly

The Plasma and Measurement Conditions
are presented in Figure 2. The total sample
measurement time is 2 minutes and 10 seconds.

Representative calibration curves with figures of
merit for each wavelength are presented in Figure 3.
The graphs Included represent the appropriate
concentration range per wavelength.

Standard 1 0.00
Standard 2 0.050
Standard 3 0.10
Standard 4 0.50
Standard 5 1.0

Table 1. Working Standards (ppm)

Instrument Parameters Sampling Parameters

Coolant: E L/min B - 200
Auxiliary: L/min (0.2 - 2)
Mebulizer: E L/min {0-2)
Power: W (750 - 1000)
Exposure: :ms (40 - 10000)
Replicates
# of Exposures: E (1-100)
# of Repeats: : (1-15)
Time per sample: 2 min 10 sec
Figure 2. Plasma and Measurement Conditions
PAGE NO: 3
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Figure 3. Typical Calibration Curves Examples
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Result Summary and Discussion

The household bleach product sample weight and final volume weight were entered into the software.
MICAP-OES1000isasimultaneous,echelle polychromatorwith CMOSdetector. Asaresult, multiple wavelengths
can be selected with no disadvantage to the required sample volume or time of analysis. Two wavelengths were
selected for each target element. The results determined for calcium, chromium, lead, magnesium, and nickel
were reported from the primary and secondary wavelengths as an example of performmance from multiple
emission lines.

Multiple quality control (QC) checks were prepared and analyzed to confirm the results, as no certified reference
material was available. These included a Matrix Blank (MB), Laboratory Control Sample (LCS), a Matrix Spike
(MS) and Matrix Spike Duplicate (MSD). The test solution analysis was completed by reanalyzing the standards
as Continuing Calibration Verification (CCV) solutions.

Radom Intuitive Software (RIS) can insert these quality control solutions into the Session and automate the
monitoring process. Figure 4 presents the QC Checks used in this method.

0 Check: |M5D {Paired Samples and Spikes) Druplicates

CON (U heck Stamdands) Default RFI: < 20

COWE (Check Standards=)

COWE (Check Standards)
Analyta Way Cova (Check Standards)

LTS (Check Standards)

CCD (Check Dlankes)
Ni 352 454 |MB (Check Blanks)
Mi 345165
Cu BEATEA e = 1m0 = 20
Cu 327396 ppm £ 10 < 20
Mg 279.553 ppm = 10 = 320
Mg 280,270 [2la03] = 10 = 20
Ca 393366 ppm &= 10 < 20
Ca 396,847 [=1=Ty] = 10 = 20
Co 345.350 Dpm = 1o = 20
Co 240.725 ppm £ 10 = 20
Cad22.673 PRm = 10 = 20
Al 296,152 [l al] = 10 = 20
Cr425435 PR £ 10 = 20
Cr 428973 Ppm = 10 = 20
Zn 213.857 2 = 10 = 20
MM 57 610 PP = L1 20
Mn 259,372 PRm = 10 = 20
Cr 357870 (57504 = 10 = 20
Cr AR 5434 PP - 1m0 < 20
Pl 405.781 PR = 10 = 20
Pix 268.348 [aT ALY B 10 = 20
Pl 2A3.305 ppm T -

Figure 4. Quality Control Solutions Selected for Result Verification

The results determined for the eleven target elements in the commercial bleach product sample plus the
Matrix Spike and Matrix Spike Duplicate are presented in Table 3. The matrix spike recovery was specified as +
20% with the relative percent difference between the Matrix Spike and Matrix Spike Duplicate criterion was +
20%. However, the typical recovery for all elements was less than + 10% with an RPD of less than + 3%.
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Bleach Sample Matrix
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Bleach Sample Matrix

Element and Matrix Blank Matrix Blank LCS Recovery | Bleach Sample Spike Spike Duplicate
Wavelength (nm) MB Spike LCS (%) Conc. (ppm) Cone. (ppm) % Recovery Cone. (ppm) S
Al 396.152 nm < 0.050 0.454 91 0.207 5.884 14 6.118 18
Ca 396.847 0.054 0.517 103 0.390 5.437 101 5.531 103
Cr 360.534 nm < 0.050 0.443 89 0.103 558 110 5.829 15
Cu 327.396 <0.050 0.46 92 0.087 5.046 929 5195 102
Mg 279.553 < 0.050 0.527 105 < 0.050 4.666 94 4.667 94
Mn 259.372 nm < 0.050 0.52 104 < 0.050 4.601 90 4.537 89
Ni 352.454 < 0.050 0.467 95 < 0.050 4.922 101 5.055 104
Pb 405.781 nm <0.050 0.441 88 0.121 4.967 97 5233 102

Table 3. Commercial Bleach Product Sample and MS/MSD Recovery Results

The standard readback recovery is presented in Table 4 below with most recovery within + 10%. There was a
slightly higher recovery for cobalt and iron observed, which likely occurred in the preparation of the solutions.

% Recovery of Standard Readback Solution

Element and

Wavelength (nm) CCV 1.00 - CCV 0.500 % Recovery CCV 0.100 o CCV 0.050 % Recovery
(PPm) (Ppm) (PPm) (ppm)

Al 396.152 nm 0.919 92 0.476 95 omn o 0.051 102 < 0.050
Ca 393.366 _ 0.491 98 _ 0.051 102 <0.050
Ca 396.847 0.967 97 0.487 97 0.109 109 0.049 98 < 0.050
Co 345.350 _ 0.466 93 _ 0.057 N4 < 0.050

Cr 360.534 nm 0.955 96 0.463 93 0.109 109 0.052 104 < 0.050

Cr 428973 nm _ 0.47 94 _ 0.054 108 < 0.050
Cu 327.396 0.961 26 0.47 94 0.104 104 0.053 106 < 0.050
Fe 259.940 _ 0.534 107 _ 0.050 101 < 0.050
Mg 279.553 0.985 29 0.528 106 0.099 29 0.049 98 < 0.050
Mg 280.270 _ 0.507 101 _ 0.05 100 < 0.050

Mn 259.372 nm 1.028 103 0.523 105 0.101 101 0.052 104 < 0.050
Ni 352.454 0.975 98 0.478 96 0.099 929 0.054 108 < 0.050

Pb 283.305 nm _ 0.476 95] _ 0.050 100 < 0.050

Pb 405.781 nm 0.948 95! 0.462 92 o.m m 0.046 92 < 0.050

Zn 213.857 nm _ 0.507 101 _ 0.044 88 < 0.050

Table 4. Standard Readback Recovery
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Conclusions

MICAP-OES 1000 powered by Cerawave™ technology is designed to generate a robust, stable nitrogen plasma
even with tough matrices. The bleach matrix and NaCl matrix matching (1.14%) provides a great example of this
robustness.

The MICAP system is customer installable with its “Box to Bench” design. The optimized method for the

determination of Al, Ca, Co, Cr, Cu, Fe, Mg, Ni, Pb and Zn in commercial bleach products has already been
created. The only component missing is you.

Box-to-Bench
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