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Abstracgurrent invasive phlebotomy based blood-hemoglobin-level (BHL) measurement methods have a relatively high level
of risk for daily personal use. Phlebotomy is a traumatic procedure with a relatively high risk of diseases, failure, and cost.
Researchers globally have agreed that the spectrophotometric method has great potential for mitigating the risk, but researchers
have yet to agree on using which wavelength for non-invasive blood hemoglobin level measurement optical device (NI-BHL-
MOD). The objective is to survey the wavelength for NI-BHL-MOD and compared it to self-observation. The research team have
obtained research articles in the last 25 years from journals and proceedings indexing services such as Scopus, Medline, and
Google Scholar. The light wavelength is categorized based on its wavelength value. The research team have listed the 22 different
wavelengths that other researchers have used for blood hemoglobin level measurement. The research team have described several
example research that other researchers have done. The research team also have incorporated human skin optical properties
considerations that may interfere with NI-BHL-MOD. The research team also have incorporated self-observation on blood
hemoglobin level control (Lypocheck Assayed Biochemistry) using Ultraviolet to Visible Spectrophotometer to understand the
wavelength response further. Each wavelength has its potential to be used for NI-BHL-MOD, and Research team shall confirm
them with in-vitro blood hemoglobin level test in future research.

INTRODUCTION

Current invasive phlebotomy based blood-hemoglobin-level (BHL) measurement methods have a relatively high
level of risk for daily personal use [1]. Phlebotomy is a traumatic procedure with a relatively high risk of diseases,
failure, and cost [2, 3]. Several examples of possible phlebotomy induced trauma include bruising, redness, swelling,
skin calcification, nerve damage, and allergic reaction. Possible non-exhaustive blood-borne infection includes Human
Immunodeficiency Virus (HIV), Hepatitis B or C Virus, Severe acute respiratory syndrome (Sars), and Escherichia
coli. Blood specimen could also induce infectious response like cellulitis and abscess, worsen the existing medical
condition, and increasing lifetime cancer risk. Phlebotomy procedure could induce iatrogenic anemia, heart attack,
pneumonia, stroke and resultant brain damage, and could be fatal. The blood specimen is a hazardous biological waste
which demands rigorous handling procedure. That is why only a trained health practitioner should be cleared to
administer the phlebotomy procedure.

Several known methods include Tallqvist method, copper-sulfate method, Lovibond comparator, Sahli technique,
direct Cyanmeth - hemoglobin method, hemoglobin color scale, HemoCue, automated analyzer, NBM-200 [4], and
pulse oximetry [5]. Cyanmeth - hemoglobin method using 540 nm wavelength remains as the gold standard in BHL
measurement [6, 7], with 546 nm wavelength as an alternative [8]. All of them implement phlebotomy as blood
extraction methods.
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Researchers around the world have agreed that spectrophotometric method has great potential for mitigating the
risk of phlebotomy [9, 10], but we have yet to agree on using which wavelength for non-invasive blood hemoglobin
level measurement optical device (NI-BHL-MOD). Researchers have considered dozens of wavelengths as a window
for blood hemoglobin level measurement. Several wavelength considered are 228 nm, 260 nm, 423 nm, 446 nm, 458
nm, 531 nm, 542 nm, 577 nm [11], 530 nm [12], 542 nm and 578 nm [13], 660 nm [14], and 700 nm to 1000 nm [15].
Our conjectures on why the wavelength discrepancy exist include the advancement of blood observation technology
and different approach each study have been using. We have yet to find the study on this wavelength discrepancy.

This observational study objective is to survey the wavelength for NI-BHL-MOD and compared it to self-
observation.

METHOD

The research team have obtained research articles for this review in the last 25 years from journals and proceedings
indexing services such as Scopus, Medline, and Google Scholar. The light wavelength is categorized based on its
wavelength value.

In February 2019, the research team have done a blood hemoglobin level control (Lypocheck Assayed
Biochemistry) observation using Ultraviolet to Visible Spectrophotometer in the Faculty of Medicine, Universitas
Krida Wacana. The research team have used three hemoglobin control level (6.3 g/dl, 12.2 mg/dl, 15.2 mg/dl) diluted
800 times in Phosphate Buffered Saline. The research team have calculated the standard deviation and the Pearson
correlation of each wavelength to the BHL value. The research team have used the R Project and RKward for data
analysis [16].

RESULTS

Usual Non-Invasive Blood Hemoglobin Level Measurement Methods

Simple non-invasive spectrophotometric methods for blood hemoglobin level measurement consist of using a pair
of LEDs in a different wavelength. Light wavelength penetrate the human tissue and measured using photodiode. The
research team calculated the blood hemoglobin level from the measurement ratio [17, 18]. The researcher further
enhances the methods to include the effect of oxygen saturation within hemoglobin. This method is known as pulse
oximetry [18].

Blood Hemoglobin Level Measurement Wavelength Observation

Researchers have proposed several wavelength windows for blood hemoglobin level measurement. Anand Kumar
Keshari proposed several values from 200 nm to 600 nm range, 228 nm, 260 nm, 423 nm, 446 nm, 458 nm, 531 nm,
542 nm, and 577 nm, based on BHL absorption value '". Adam Rudzinski proposes the 400 nm to 500 nm range to
measure hemoglobin [19]. Rudzinski study result is in agreement with Towsend study at 400 nm to 450 nm range,
with 410 nm as oxyhemoglobin and 430 nm for hemoglobin measurement [20]. A separate study by Fernando Basilio
Avila-Rencoret has further confirmed both study result [21]. Lew Lim study shows that the wavelengths below 600
nm could be used to measure Hb and HbO,, but maybe impended by melanin. He further proposed the range between
514 nm and 632 nm to measure BHL [22]. Which confirm the separate study by McEwen and Reynolds [23]. Rajashree
Doshi and Anagha Panditrao have proposed 650 nm and 950 nm value for hemoglobin detection based on their
absorbance [17]. Edmund FK Hunt uses 660 nm and 940 nm using pulse oximetry methods based on extinction
coefficient, although this may be a compromise due to his original study point a value slightly less than 650 nm [18].
This result is in agreement with Latha [24]. Geoffrey W. J. Clarke proposes a pair of wavelength, below700 nm and
over 900 nm using pulse oximetry methods [25]. Hampus Martensson Jonsson proposes a range of 950 nm - 1000 nm
for BHL measurement based on the absorption coefficient [26]. Other values proposed are 530 nm by Romagnoli [12],
532 nm by Cakiroglu [27], 542 nm and 578 nm by Jolivot [13], 660 nm by Thomaz [14], and 700 nm - 1000 nm by
Crespi [15] (Figure 1).

020046-2



FIGURE 1. Several studies on blood hemoglobin level measurement wavelength. 01. Keshari and Farooqi 2014 [11]. 02.
Rudziski et al 2013 [19]. 03. Townsend et al 2014 [20]. 04. Avila Rencoret 2014 [21]. 05. Lim 2015 [22]. 06. McEwen and
Reynolds 2014 [23]. 07. Doshi and Panditrao 2013 [17]. 08. Hunt 2013 [18]. 09. Latha et al 2015 [24]. 10.1 and 10.2. Clarke
2015 [25]. 11. Maartensson Jonsson 2015 [26]. 12. Romagnoli et al 2013 [12]. 13. Cakiroglu et al 2013 [27]. 14. Jolivot et al
2013 [13]. 15. Thomaz 2014 [14]. 16. Crespi 2013 [15].

Pulse Oximetry Blood HemoglobinLevel Measurement Wavelength Observation

Pulse oximetry methods utilize a pair of the sensor to measure each oxy-hemoglobinand deoxy-hemoglobin, and
the research team has calculated total BHL from both values. For measurement of deoxy-haemoglobin, Liu Liang Q
has proposed the wavelength of 545 nm and 760 nm [28], while Patachia has proposed the wavelength of 780 nm [29].
Herrera Vega has proposed a wavelength of 830 nm [30]. Either Latha and Khandpur have proposed the wavelength
between 850 nm and 1000 nm [5, 24], while Clarke proposed the wavelength of 900 nm [25]. Cernat and Vijaya have
proposed a wavelength of 940 nm [31, 32].

For measurement of oxy-hemoglobin, Liu Liang Q has proposed the wavelength of 542 nm, 574 nm, and 900 nm
[28], while Herrera Vega has proposed the wavelength of 650 nm [30]. Cernat and Vijaya have proposed a wavelength
of 660 nm [31, 32]. Latha and Khandpur have proposed the wavelength between 600 nm - 750 nm [5, 24], while
Clarke proposed the wavelength of 700 nm [25]. Patachia has proposed a wavelength of 835 nm [29] (Figure 2).
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FIGURE 2. Several studies on pulse-oximetry blood-haemoglobin-level measurement wavelength, in which dHb =
deoxyhaemoglobin and oHb = oxyhaemoglobin. 01. Liu et al 2015 [28]. 02. Patachia et al 2014 [29]. 03. Herrera-Vega and
Orihuela-Espina, 2015 [30]. 04. Latha et al. 2015 and Khandpur 2003 [5, 24]. 05. Clarke 2015 [25]. 06. Cernat et al. 2014 and
Vijaya et al. 2013 [31, 32].

Self-Observation of a Blood Hemoglobin Level Control

Observation has shown that using Pearson Correlation; Observer could see a good positive correlation between
wavelength absorbance and intended BHL in wavelength 350 nm and above. Furthermore, the standard deviation
maximizes at 406 nm, making it an ideal wavelength to measure blood glucose level, while the correlation is just a
little lower than above 500 nm. The observation also has shown that wavelength lower than 250 nm has a too low
correlation to BHL to be used for a non-invasive measurement device. (Figure 3).
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FIGURE 3. Self-observation of a blood hemoglobin level control (Lypocheck Assayed Biochemistry) using Ultraviolet to
Visible Spectrophotometer. Blue. Hb 6.3 g/dl. Orange. Hb 12.2 g/dl. Yellow. Hb 15.2 g/dl. Violet. The standard deviation of
blood haemoglobin level control. Green. Pearson correlation between wavelength absorbance and blood-hemoglobin-level
control values. The research team has projected all values to [0, 1] range.

Non-Invasive Blood Hemoglobin Level Measurement Consideration

Several BHL measurement impediments exist. Bilirubin presence in wavelength window below 500 nm could
mask BHL measurement [23, 33]. Melanin could create problems in BHL measurement in under 600 nm wavelength
range [22]. Above 1100 nm range, lipid, water, elastin, and collagen within human tissue can impede BHL
measurement [26].

General Result Explanation

The study has confirmed the broad wavelength range to measure BHL. In general, based on the comparison
between Blood Hemoglobin Level Measurement Wavelength Observation and Pulse Oximetry Blood
HemoglobinLevel Measurement Wavelength Observation to Self-Observation of a Blood Hemoglobin Level Control,
Our observation has shown that the developer could use all wavelengths between 250 nm to 900 nm as a light source
for BHL measurement. Only Keshari proposed wavelength of 228 nm are unconfirmed, as our current
spectrophotometer is not able to measure such a low wavelength. The observed 400 nm peak standard deviated is in
agreement with the wavelength proposed by Keshari [11], Rudzinski [19], Townsend [20], and Avila-Rencoret [21].
When the research team has combined the Hb data with impediment data, the researcher could derive an HBL
measurement window between 600 nm to 1000 nm.
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The UV VIS spectrophotometry observation has successfully surveyed all the wavelength between 200 nm to 900
nm. The survey should be confirmed with the wavelength in the near-infrared range, between 1000 nm to 2500 nm
range. The physics research team has the survey planned before September 2019. Furthermore, before implementation
into non-invasive HBL measurement device, the obtained data should be confirmed using consented human blood.
The team shall research before December 2019. The research team has planned for implementation to non-invasive
BHL measurement device and In vitro and in vivo test subsequently.

CONCLUSIONS

Each wavelength between 250 nm to 900 nm has its potential to be used for NI-BHL-MOD, based on comparison
between Blood Hemoglobin Level Measurement Wavelength Observation and Pulse Oximetry Blood
HemoglobinLevel Measurement Wavelength Observation to Self-Observation of a Blood Hemoglobin Level Control,
and this research team shall confirm them with in-vitro blood hemoglobin level test in future research.
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