
Isolation and Detection of Target Cells in Blood via 

Immunomagnetic Separation and Atomic Emission Spectroscopy

Supplementary Information.

Authors: McKenna M. McKay, Kensington H. Fansler, Ke Liu, and Dimitri Pappas*

Texas Tech University Dept. Of Chemistry & Biochemistry

*corresponding author, d.pappas@ttu.edu

Supplementary Information (SI) for Analytical Methods.
This journal is © The Royal Society of Chemistry 2025

mailto:d.pappas@ttu.edu


SI Figure 1. MP-AES Analysis of Endogenous Fe: HL60 cells in PBS. HL60 cells (0.17-170 
cells/L; N = 3) were analyzed for Fe content (Fe 371.993 nm) via MP-AES. Upon performance 
of a single-tailed Grubb’s test (=0.05), one outlier was removed from analysis (22 cells/L; -
27.43  16.96 A.U.). The remaining samples displayed an average intensity of 45.44  1.05 A.U. 
(blue), with no linearity between cell concentration and Fe emission signal.



SI Figure 2. Microscopy images of HL60 cells tagged with Fe2O3/Fe3O4 nanoparticles following 
an immunomagnetic separation. Imaged HL60 cells incubated with 10% (fig. A), 25% (fig. B), 
and 50% (fig. C) nanoparticles by volume. Aggregates of HL60 cells increase via aggregation of 
Fe2O3/Fe3O4 nanoparticle tags as NP concentration increases.



SI Table 1. Differential Centrifugation: Plotted Data Values and Propagated Error. Data from 
differential centrifugation protocol development (N = 3), shown in figure 3.
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SI Figure 3. MP-AES Analysis of Fe Standards in PBS and 20mM HCl. FeCl3 (0.7 ng/mL-1 
μg/mL Fe) was suspended in (A) PBS and (B) 20mM HCl, then evaluated for Fe emission at 6 
wavelengths (N = 3; 302.064, 358.119, 371.993, 373.486, 373.713, and 385.991 nm). The results 
were plotted and evaluated for linearity and relative intensity (C).
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SI Figure 4. MP-AES Analysis of Fe Standards in PBS and 20mM HCl. FeCl3 was suspended in 
PBS and acidified solution (20mM HCl) to evaluate the differences Fe emission (371.993 nm) 
intensity. All intensity values (N = 3) were adjusted to account for the blank(s). FeCl3 in PBS 
(0.7 ng/mL-1 μg/mL Fe) yielded an LoD of 30 ng/mL (Correlation coefficient 0.998; y = 
8814.12x - 146.11). FeCl3 in 20mM HCl (0.7 ng/mL-1 μg/mL Fe) yielded an LoD of -5.39 
ng/mL (20mM HCl blank applied; Correlation coefficient 0.99961; y = 9552.47x + 63.43). Both 
samples displayed linear trends and applicable limits of detection in the context of this assay, but 
PBS was chosen as the more viable matrix due to simplicity of sample preparation and ability to 
limit operator burden.



SI Table 2. MP-AES Analysis of Fe standards and Iron Oxide Nanoparticles: Plotted Data 
Values and Propagated Error. Background corrected data from MP-AES analysis of Iron (III) 
Chloride in PBS and Iron Oxide Nanoparticles in PBS (N = 3).



SI Table 3. MP-AES Analysis of Cells Detected in Buffer: Plotted Data Values and Propagated 
Error. Background corrected data from MP-AES analysis of cells labeled with iron oxide 
nanoparticles in PBS (N = 3).



SI Figure 5. AES analysis of HL60 cells in lysed blood. [Fe] in iron oxide-labeled HL60 cells 
blood following lysis of erythrocytes; isolated cell samples (black), supernatant from two 
subsequent washes with a magnetic rack (maroon and pink, respectively), and supernatant 
following the differential centrifugation protocol (blue) were all analyzed, and no distinguishable 
trend was observed in the isolated cell samples due to contamination by Fe from lysed 
erythrocytes (N = 3).



SI Table 4. MP-AES Analysis of Target Cells in Blood: Plotted Data Values and Propagated 
Error. Background corrected data from MP-AES analysis of target cells labeled with iron oxide 
nanomaterial in old control blood and fresh control blood (N = 3).
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SI Figure 6. MP-AES Analysis of Old and Fresh Blood Samples: Endogenous Fe as a Baseline. 
The blood samples were processed and the endogenous Fe content was calculated via MP-AES 
analysis. As indicated by the dashed lines, the older sample (A) displayed 0.35 ± 0.07 μg/mL Fe 
after processing (N = 6) and the fresh sample (B) displayed 0.23 ± 0.05 μg/mL Fe after 
processing (N = 6). While the end of the linear range is within the error of detected endogenous 
Fe in the old sample, it is outside the range of error in the fresh sample. Calculated LoDs using 
the endogenous [Fe] to inform LoB yielded values of 0.45 g/mL and 0.66 g/mL for the older 
and fresh sample, respectively. Dark purple and light pink data points indicate values below the 
cellular limit of detection informed by the linear range (Figure 6; 100 and 84 cells/μL, 
respectively). 


