
Accepted Manuscript

Title: Feasibility of the use of a handheld XRF analyzer to
measure skin iron to monitor iron levels in critical organs

Authors: E. Dao, M.P. Zeller, B.C. Wainman, M.J.
Farquharson

PII: S0946-672X(18)30243-8
DOI: https://doi.org/10.1016/j.jtemb.2018.07.024
Reference: JTEMB 26204

To appear in:

Received date: 5-4-2018
Revised date: 22-6-2018
Accepted date: 25-7-2018

Please cite this article as: Dao E, Zeller MP, Wainman BC, Farquharson MJ, Feasibility
of the use of a handheld XRF analyzer to measure skin iron to monitor iron
levels in critical organs, Journal of Trace Elements in Medicine and Biology (2018),
https://doi.org/10.1016/j.jtemb.2018.07.024

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

https://doi.org/10.1016/j.jtemb.2018.07.024
https://doi.org/10.1016/j.jtemb.2018.07.024


 

Journal of Trace Elements in Medicine and Biology 

Journal homepage: www.elsevier.com/locate/jtemb 

 

 

 

Feasibility of the use of a handheld XRF analyzer to measure 

skin iron to monitor iron levels in critical organs 

E. Daoa, M.P. Zellerb, B.C. Wainmanc, M.J. Farquharsond 

aRadiation Sciences Graduate Program, McMaster University, 1280 Main St. W., Tandem Accelerator Building Room 104C, 

Hamilton, ON, L8S 4K1 Canada, daoe@mcmaster.ca, 1-905-525-9140 ext. 21654 
bMcMaster Centre for Transfusion Research, Department of Medicine, McMaster University, Hamilton, ON, L8N 3Z5 Canada and 

Canadian Blood Services, Ancaster, Canada 

 cDepartment of Pathology and Molecular Medicine, McMaster University, Hamilton, ON, L8N 3Z5 Canada 
dSchool of Interdisciplinary Science, McMaster University, Hamilton, ON, L8S 4K1 Canada 

 

Abstract 

There exists a need for accurate, non-invasive point-of-care tests to detect body iron burden. This 

study investigated the use of x-ray fluorescence (XRF) measurements of skin iron as a marker for 

organ iron content in rats. This study also evaluated a novel application of a commercial XRF 

device, commonly used in mining and construction, as a rapid, portable, and non-invasive 

measurement tool. Rats (n=32) were loaded with iron dextran and the iron signal of each animal’s 

skin, liver, and kidney was measured using a conventional XRF system. A quadratic correlation was 

observed between liver and skin iron signal (R2=0.92) and a linear correlation was observed 

between kidney and skin iron signal (R2=0.65). As such, it is concluded that skin iron content can 

act as a marker for both liver and kidney iron content. The same skin samples were measured 

using the portable XRF device and compared to the liver and kidney samples measured in the 

conventional XRF system. Again, a quadratic correlation was observed between liver and skin iron 

signal (R2=0.91) and a linear correlation was observed between kidney and skin iron signal 

(R2=0.83). Thus, the portable XRF device can provide rapid non-invasive, skin XRF measurements. 

Dosimetry was performed using the portable XRF device to assess the radiological hazard 

associated with its use. The average skin equivalent dose from this device is 30 ± 10 mSv/min, 

when the device is collimated and operated at 40 kV. In conclusion, skin iron XRF measurements 

can act as a surrogate marker for liver iron content, and can be measured using a commercial XRF 

device for a portable, fast, and non-invasive measurement. 
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