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Abstract

Background: Conventional ways of making bio-electrodes are generally complicated, expensive and unconformable. Here
we describe for the first time the method of applying Ga-based liquid metal ink as drawable electrocardiogram (ECG)
electrodes. Such material owns unique merits in both liquid phase conformability and high electrical conductivity, which
provides flexible ways for making electrical circuits on skin surface and a prospective substitution of conventional rigid
printed circuit boards (PCBs).

Methods: Fundamental measurements of impedance and polarization voltage of the liquid metal ink were carried out to
evaluate its basic electrical properties. Conceptual experiments were performed to draw the alloy as bio-electrodes to
acquire ECG signals from both rabbit and human via a wireless module developed on the mobile phone. Further, a typical
electrical circuit was drawn in the palm with the ink to demonstrate its potential of implementing more sophisticated skin
circuits.

Results: With an oxide concentration of 0.34%, the resistivity of the liquid metal ink was measured as 44.1 mV?cm with quite
low reactance in the form of straight line. Its peak polarization voltage with the physiological saline was detected as
20.73 V. The quality of ECG wave detected from the liquid metal electrodes was found as good as that of conventional
electrodes, from both rabbit and human experiments. In addition, the circuit drawn with the liquid metal ink in the palm
also runs efficiently. When the loop was switched on, all the light emitting diodes (LEDs) were lit and emitted colorful lights.

Conclusions: The liquid metal ink promises unique printable electrical properties as both bio-electrodes and electrical wires.
The implemented ECG measurement on biological surface and the successfully run skin circuit demonstrated the
conformability and attachment of the liquid metal. The present method is expected to innovate future physiological
measurement and biological circuit manufacturing technique in a large extent.
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Introduction

Electrocardiogram (ECG) reflects the electrical activity of the

heart, which is an essential physiological parameter for both

clinical diagnostics and health monitoring. To detect the weak

signal of ECG non-invasively, the electrode is usually stuck onto

the skin of limbs and chest for better measurement.

There are various ECG electrodes with different materials and

shapes, such as flat metal electrodes, suction electrodes and

disposable button electrodes etc. However, these conventional

electrodes may encounter troubles such as coupling performance,

contact comfortableness, manufacturing complexity and cost. The

flat metal electrodes are rigid plates that clamp the limbs and the

suction electrodes are small evacuated cups that suck tightly to the

skin. Both kinds of electrodes are commonly used on the ECG

instruments in clinics and hospitals. They usually have poor

coupling performance with the skin and high signal noise that has

to be overcome with electrolytic gel. And such electrodes may

cause discomfort and even hurt to human body due to their

mechanically rigid fixing. The disposable button electrodes are

mainly used in portable ECG monitor devices with electrolytic gel

for conduction enhancement and Ag/AgCl as electrode material

to pursue better performance [1]. However, the structure of the

button electrodes is quite complicated, including the electrolytic

gel, Ag/AgCl disk, steel button cap, adhesive plaster, sealing

plastic and paper covers, thus making it more expensive, especially

when considering that silver is a noble metal. And the sticking

plaster sometimes can take off the hair, causing pain and even

inflammation in the hair sac. In order to find out alternative

electrodes or ways with better features, various strategies have

been investigated. For example, Cauwenberghs’ group at UCSD

have managed to implement the non-contact electrode to improve

comfort degree, which explores a new approach of monitoring

ECG and EEG signals wirelessly [2–4]. Another attractive idea is

the so-called epidermal electronics, which is developed by Rogers’

group at UIUC [5]. It is a conformal device attached to the skin
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like a tattoo with stretchable electrical sensors, which could

measure physiological variables such as ECG, EEG and EMG.

A latest discovery in Ga-based liquid metal alloy inspires the

exploration [6,7], which can possibly change the form of the

electrodes, even the bio-electrical detection modality. Here, we

would propose to use the Ga-based liquid metal ink as bio-

electrodes and skin electrical circuit material. Such alloy owns

many unique merits such as low melting point, direct printability,

good electrical conductivity and mechanical flexibility, biocom-

patibility, low cost and so on, which overcomes the shortages of the

conventional materials in a large extent.

In the present work, we demonstrated the feasibility and

advantages of using liquid metal alloy as bio-electrical sensors, and

accomplished a series of conceptual experiments to evaluate its

performance as ECG electrodes. The alloy contacts the skin well

and has relatively low polarization voltage, which ensures the good

signal quality. The results indicated that the Ga-based liquid metal

could serve as a favorable electrode material for detecting ECG.

Though still in its primary stage, the liquid metal ink electrode

opens a wide area of new applications on human healthcare.

Meanwhile, we also managed to draw a basic printable circuit on

the skin using the liquid metal ink, which illustrated the innovative

idea of conformable biological circuits. Together with the ECG

testing with liquid metal electrode, the experiment indicated that it

is promising to print or ‘‘draw’’ a circuit on the skin to achieve the

goal of low-cost and point-of-care physiological detection.

The adopted liquid metal ink is safe, inexpensive and easy to

use. Hence the alloy, as a new form of bio-electrical sensor and

printable skin circuit material, is fully compliant with pervasive

healthcare, which generally requires low cost and convenient

practice. It can be printed and erased easily, making it much easier

to realize the self-service of bio-electrical detections and mapping.

With good wetting ability, the present metal ink enables to make

the biomedical detection system on the skin, which may

significantly shape the printable or ‘‘drawable’’ bio-electronic

technology in the near future.

Materials and Methods

The currently used liquid metal ink is composed of gallium or

gallium-indium alloy with oxide. The melting point of gallium is

around 30uC with the nature of supercooling, which keeps it in

liquid state at room temperature. By vigorously stirring the liquid

metal under strictly controlled conditions, the quantity of oxygen

in the material will increase with the stirring time, together with

increment of the viscosity and the electrical resistivity of the alloy.

Compared with the conventional gallium simple substance, the

new material reaches a good balance, which has both good

electrical properties and attaching ability. The Ga-based liquid

metal in our experiments possessed an oxygen concentration of

0.34%.

Through directly printing the liquid metal ink on the skin of

either animal or human body with a paintbrush, the alloy layer

becomes the simplest electrode and interface for recording

electrical signal in human body. Thus we measured two basic

properties of the liquid metal electrode at room temperature: the

impedance and polarization voltage. When the electrode and the

electrolyte solution contact, an electrical couple layer is formed at

the boundary, causing about the contact voltage and the

polarization phenomenon [8]. In Figure 1, we took the physio-

logical saline as a simulated tissue fluid and measured the voltage

with the Ga-based liquid metal at room temperature. Agilent

34970A data acquisition/switch unit was used to record the

voltage and the probe material is platinum. For impedance

measurement, the liquid metal ink was filled in a 40 cm long

plastic tube, which has an inner diameter of 1 mm. And we

adopted the SRS Model SR780 2-Channel Network Signal

Analyzer for impedance measurement.

In order to provide practical verification, we designed the

following conceptual experiments: the liquid metal ink electrode

was used for testing the real electrocardiogram of rabbit and

human, respectively. The experiments were operated with a

miniaturized module (Figure 2A) developed on the mobile phone

(Figure 2B) to monitor the ECG wave, which is compatible with

both conventional Ag/AgCl button electrode and the liquid metal

ink. The acquired data can be transmitted to a smart phone (Sony

Ericsson lt15i, Android 4.0 OS) via Bluetooth and displayed on the

mobile phone screen (Figure 2). The ECG module has two wires

for conducting the differential biopotential into the filter circuit.

There is a metallic button connector at the end of either wire,

which is used for the button electrode to plug in and it can be seen

in Figure 2A. The liquid metal ink was printed on the skin surface

with a paintbrush, and the button connectors were directly

attached to the alloy when using it for acquiring ECG signals.

Though it is not a rigid connection, the conformability and

wettability of the liquid metal ensures its good contact with both

the skin and the metallic button connector, i.e. the module.

In addition, the good wettability and electrical conductivity

indicates that the liquid metal ink is not only a favorable bio-

electrode, but also an ideal alloy for making conformable circuits

Figure 1. The physiological saline is sealed in a plastic tube. The
anode (Pt probe) sticks into the tube and the cathode (Pt probe) into
the liquid metal droplet. When the tube and the droplet contact, the
polarization voltage emerges and is recorded through the probes.
doi:10.1371/journal.pone.0058771.g001

Figure 2. A portable system for ECG monitoring on the mobile
phone. (A) The miniaturized wireless ECG module; (B) The ECG
monitoring displayed on the mobile phone.
doi:10.1371/journal.pone.0058771.g002

Liquid Metal as ECG Electrode and Skin Circuit

PLOS ONE | www.plosone.org 2 March 2013 | Volume 8 | Issue 3 | e58771



on the skin or any other surfaces. Hence we managed to ‘‘draw’’ a

basic electrical circuit in the palm using the ink in later section.

With batteries hold in hand, the circuit’s work status is displayed

with four surface mounting LEDs attached in. This trial can be

seen as a symbol of more sophisticated biomedical applications

with the material in the near future.

In the present experiments, rabbit was chosen as the test animal.

The first author of this article volunteered as participant in the skin

ECG test with a written consent kept in the lab. The Ethics

Committee of Tsinghua University, Beijing, China has specifically

approved the present study under contract [SYXK (Jing) 2009–

0022].

Experimental Results

Impedance and Polarization Voltage
Figure 3A shows the resistance and the reactance as a function

of frequency from 1 Hz to 10 kHz. The calculation result of the

average resistance is 0.225 V, representing an electrical resistivity

of 44.1 mV?cm at room temperature. The resistivity of the alloy is

higher than common conductive metals such as gold (2.2 mV?cm),

silver (1.6 mV?cm), copper (1.7 mV?cm) or pure gallium

(25.8 mV?cm), yet much lower than a more famous liquid metal

– mercury (95.8 mV?cm) [9,10]. It means while gaining a better

wettability, the ink keeps at relatively low resistivity as a liquid

conductor. On the other hand, the reactance which is correlated

with the shape shows a character of low inductance of about

50 mH in the form of a straight line. Since the frequencies of most

biomedical signals are below 10 kHz, the influence of reactance

can be negligible and hence the resistance remains the major

determinant of the impedance. Considering the liquid state of the

metal, the measurement indicates that such ink is a promising

choice for constructing conformable biomedical electronics.

The polarization voltage is depicted in Figure 3B. When the

metal and the saline contact with each other, the voltage ‘‘dives’’

to 20.73 V. After that, the value goes up slowly according to the

time-voltage curve. Yet the magnitude stays higher than 500 mV

in a few minutes.

The voltage between different phases is determined by multiple

factors, including the metal’s inner potential, categories and

concentrations of the ions in the electrolyte, the temperature and

the electrostatic charge adsorption, respectively. Though some of

these factors drift rapidly in the physiological environments and

can hardly be accurately measured, the simulation experiments

still reveal the trend and scale of its polarization.

ECG Tests on Rabbit and Human
Since the liquid metal ink possesses good conductivity and

viscosity, we were able to use it as ECG electrode. The conceptual

experiments of measuring ECG with liquid metal ink electrodes

were carried out on both rabbit and human respectively, and

Figure 3. The impedance and polarization voltage of the Ga-based liquid metal ink. (A) The resistance and reactance curve from 1 Hz to
10 kHz for the liquid metal in a 40 cm long tube with a diameter of 1 mm; (B) The polarization voltage curve when the liquid metal contacts with
physiological saline.
doi:10.1371/journal.pone.0058771.g003

Figure 4. ECG test and results on a rabbit with normal and
liquid metal electrode. (A) ECG test on a rabbit; (B) Results using
button electrode; (C) Results using liquid metal electrode.
doi:10.1371/journal.pone.0058771.g004

Figure 5. ECG test results on human. (A) Results using button
electrode; (B) Results using liquid metal electrode.
doi:10.1371/journal.pone.0058771.g005
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conventional button electrodes were also adopted for a compar-

ison. All the ECG data were acquired by a miniaturized ECG

module, which was wirelessly connected to a mobile phone. The

ECG waveform can be recorded and displayed in the phone

screen in real time. Since the ECG wave amplitude of a rabbit is

relatively small, its ECG recording was operated with the lead in

the chest, which is displayed in Figure 4A, while the tests on

human measured voltage between left hand and right hand (Lead

I). Figure 4B and 4C show the consistency of the ECG waveforms

that are separately recorded using the button electrodes and the

liquid metal ink on the identical rabbit, and Figure 5 displays the

similar results with the records of human ECG. Both results have

shown that the qualities of the recorded ECG signals were almost

the same, which indicates that the liquid metal is competent as a

new kind of bio-electrode.

As is well known, it is quite hard to apply ECG test on small

animals because of their sizes. The conventional electrodes have to

include alligator clips and probes sticking through the skin. This

may cause lesions to the animals, while the liquid metal ink

overcomes these disadvantages. Thus besides its convenience, the

liquid metal ink electrode also brings better humanity, to which

the rabbit experiment is a good proof.

Drawable Skin Circuit
It is a basic circuit with battery, resistors and LEDs, but the

wires are made of liquid metal inks, which are simply drawn on the

skin with paintbrushes. Either to draw or to modify the circuit is an

easy job because it is just like painting and erasing with normal ink,

where the place of canvas has been taken by the palm. Regardless

of the veins or the movements, when the batteries are gripped

between the thumb and the index finger, the loop closes and

everything goes ‘‘OK’’ with the colorful lights, which is presented

in Figure 6. While the circuit is working, neither thermal nor

electrical stimulation can be sensed from the ink. And though the

trace becomes drier and caused a little feeling of discomfort to the

skin, yet it can be easily washed off with water and soap, leaving no

other perceivable irritation.

In a broader view, the experimental results of liquid metal ink as

both bio-electrode and skin circuit have strongly illustrated the

feasibility of combining liquid metal ink with mobile health

systems. On the purpose of providing a point-of-care access to

healthcare, the ink is easygoing to be drawn or printed as

electrodes or functional patterns.

Discussion

The liquid metal ink shows great virtues that no other

conventional material possesses, and the conceptual experiments

demonstrate its practical value in biomedical measurement. But

before the actual use, there are still many issues need to be

clarified.

Safety Issue
The characteristic of the liquid metal ink that people may pay

special attention to is about its safety. According to a systematic

review on gallium and galinstan hazards, the metal and its alloy

have very low vapor pressures, meaning that a small amount of the

material would not evolve any metal vapor. And the gallium and

galinstan do not react with normal electrical insulation, nor do

they corrode copper or stainless steel at room temperature.

Gallium is insoluble in water and thus can hardly be absorbed

through the skin. Long period inhaling of gallium oxide in large

quantity may cause lung damage. However, naturally the gallium

oxide produced forms a layer instead of becoming dust in the air.

There is also report of gallium chloride-containing complexes

poisoning, yet case like this is rare even in the laboratory [11].

Only one thing that needs caution is that eye contact or injection

through the skin (including contact through wounds) should be

avoided. Thus unless contacting the material in long terms or large

doses, it is safe for normal use with small amount [12]. There are

also other supports on gallium safety: gallium alloy has been used

as restorative material in dentistry [13] and Ga-67 scintigraphy is

an important body inside medical imaging method [14,15]. And it

is easy to remove the liquid metal by spraying medical alcohol

solution, whose evaporation cools the material to solid form and

much easier for separation with the substrates.

Electrical Properties of the Ink
The impedance and polarization voltage are among the major

concerns when evaluating a material’s performance as electrode.

The measurements of both parameters illustrate that the liquid

metal ink is capable of serving as electrode and circuit material.

Though its resistivity is higher than the normally used metals

such as copper or silver, yet it is still acceptable because in most

cases this scale of resistance is negligible. But it is obviously not

suitable to be an electrical heater unless there are some other

energy sources, such as microwave, laser beam and even a contact

heater. The reactance varies in different situations such as the

change of shape, length and thickness. Thus it is possible to make

this use into a sensor of motions, especially in the area of joints and

muscles. And the reactance should also be thought about carefully

Figure 6. The skin circuit drawn in the palm. (A) The basic circuit
drawn in the palm; (B) The circuit works when the batteries are gripped
and the hand forms a gesture of ‘‘OK’’.
doi:10.1371/journal.pone.0058771.g006

Figure 7. A 3D model of using liquid metal ink as breast EIT
electrodes.
doi:10.1371/journal.pone.0058771.g007
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when designing antennas or circuits that involved in high

frequency signals.

Though we do not investigate the relative electric potential of

the material, the experiment as have been done already reflected

the polarization. The magnitude of the contact voltage stays at a

high level and it is an unstable but always existing source of noise

when recording biopotentials. As a contrast, the polarization

magnitude of a button electrode with electrolytic gel is usually

smaller than 0.1 V, which means that the ink may not perform as

good as an ordinary medical electrode. However, the waveform in

both ECG experiments illustrates that the liquid metal is still an

acceptable bio-electrode. Thus a device with well designed signal

filter and reasonable common mode rejection ration (60dB,80dB)

is capable to fulfill the request.

Conformable Circuits Technique
The good wettability is another important character the liquid

metal ink owns. The skin circuit experiment has verified that it is

possible to make an electrical circuit on the rough surface like the

skin, which can be easily drawn or erased. As a comparison, it is

far more convenient and efficient than the current printed circuit

board (PCB) technique, which is rigid and has to make a new one

in case of any changes.

This may lead to the unique technique of conformable circuit,

which means not only its product is conformable, but also the

manufacture of the circuits is adapted to any surface. And the

technique can still be divided into two parts: one is electrical circuit

drawn by hand or with simple tools, which adequately supports

free creation; another is liquid metal printer, which is suitable for

precise circuit and industrial production. Both parts can provide

supplementary to each other, too. In order to realize multiple

functions, it will be valuable to do research in making liquid metal

components such as antenna and IC chips, and studies on the

embedded batteries or power supply will be important as well. In

either case of liquid metal circuit manufacture, the biomedical

applications will be an extremely important part of the technique,

due to its safety, convenience, low cost and of course flexibility.

Biomedical Application with Liquid Metal
This is the first trial of using the liquid metal as a physiological

electrode for ECG detection, which is a good example of the

material’s biomedical roles. It is specifically suitable for electrical

impedance tomography (EIT) [16–18] due to its electrical

property and conformability. Figure 7 presents a sketch of a 16-

electrode circle array surrounding the breast for EIT. Compared

with conventional approaches, the liquid metal ink electrodes

provide better contact and more comfortableness with no need of

pressing the breast tightly. And similarly it is a prospective

electrode in EIT pulmonary monitoring for the children or the

new born. The liquid metal ink electrode is also suitable for

various bio-electrical (3D) mapping because the electrodes can be

drawn at any area and in any shape, including EIT, ECG and

EEG. Clearly, the liquid metal electrode can be extended to

defibrillator in emergency first aid, too.

The contact voltage can be applied in other ways as well. For

example, it has been published that using the liquid metal and its

matching metal can help make thermal couples, which is a

prospective application for body temperature mapping in the

future [19].

Another attractive approach is the functional circuit made by

the liquid metal on body surface. For examples, we can use the

material to build coils as a signal transmitter for sending out the

physiological data acquired in the human body. And the coil can

be an energy receiver charged by microwave to realize localized or

even whole body heating as well, which is an important method

for non-invasive tumor treatment. What’s more, we may associate

the gallium electrode or circuit with its role in chemical tumor

treatment [20] or antimicrobial [21], thus to find its potential

value in disease treatment and reasonable ways of releasing it. All

of the ideas represent different branches that provide plenty of

contents for research, and the liquid metal will make a large

difference in biomedical applications.

Conclusions

This work performed the first experiments to demonstrate ECG

measurement based on liquid metal printed on the body surface.

And the skin circuit also successfully verified the new electrode’s

conformability and good attachment. As a natural conductor, the

liquid metal ink owns unique multi-side properties such as

electricity, wettability, printability and safety, which guarantees it

a perfect material for quite a few emerging biomedical practices.

The present method opened possibilities for a wide variety of

physiological measurement and health care. It is expected to bring

promising impacts in both biomedical engineering and circuit

manufacturing technique in the coming time.

Acknowledgments

The authors give special thanks to Yunxia Gao, Haiyan Li, Xu Xue, Qin

Zhang fom Technical Institute of Physics and Chemistry (TIPC), Chinese

Academy of Science, and Qian Wang, Chao Jin, Wei Wu from Biomedical

Microsystem Lab, Tsinghua University, for their assistance with the

experiments.

Author Contributions

Conceived and designed the experiments: JL. Performed the experiments:

YY JZ. Analyzed the data: YY JL. Contributed reagents/materials/

analysis tools: YY JL. Wrote the paper: YY JL.

References

1. Thaker NV (1999) Biopotentials and electrophysiology measurement. In:

Webster JG, editor. The Measurement, Instrumentation and Sensors Hand-

book. Boca Raton: CRC Press, pp. 74-1-9.

2. Chi YM, Wang YT, Wang Y, Maier C, Jung TP, et al. (2012) Dry and

noncontact EEG sensors for mobile brain – computer interfaces. IEEE

Transactions on Neural Systems and Rehabilitation Engineering 20: 228–235.

3. Chi YM, Cauwenberghs G (2010) Wireless non-contact EEG/ECG electrodes

for body sensor networks. 2010 International Conference on Body Sensor

Networks (BSN). Singopare: IEEE Press, 297–301.

4. Chi YM, Deiss SR, Cauwenberghs G (2009) Non-contact low power EEG/ECG

electrode for high density wearable biopotential sensor networks. Sixth

International Workshop on Wearable and Implantable Body Sensor Networks

(BSN 2009). Berkeley: IEEE Press, 246–250.

5. Kim DH, Lu N, Ma R, Kim YS, Kim RH, et al. (2011) Epidermal electronics.

Science 333: 838–843.

6. Gao Y, Li H, Liu J (2012) Direct writing of flexible electronics through room

temperature liquid metal ink. PLoS ONE 7: e45485-1-10.

7. Zhang Q, Zheng Y, Liu J (2012) Direct writing of electronics based on alloy and

metal ink (DREAM Ink): A newly emerging area and its impact on energy,

environment and health sciences. Frontiers in Energy 6: 311–340.

8. Schwan HP (1966) Alternating current electrode polarization. Biophysik 3: 181–

201.

9. Matula RA (1979) Electrical resistivity of copper, gold, palladium and silver. J.

Phys. Chem. Ref. Data 8: 1147–1298.

10. Dean JA (1999) Lange’s Handbook of Chemistry. New York: McGraw-Hill, Inc.

1291.

11. Ivanoff CS, Ivanoff AE, Hottel TL (2012) Gallium poisoning: A rare case report.

Food and Chemical Toxicology 50: 212–215.

12. Cadwallader LC (2003) Gallium safety in the laboratory. Energy Facility

Contractors Group (EFCOG) Safety Analysis Working Group (SAWG) 2003

Annual Meeting, INEEL/CON-03-00078 Preprint.

Liquid Metal as ECG Electrode and Skin Circuit

PLOS ONE | www.plosone.org 5 March 2013 | Volume 8 | Issue 3 | e58771



13. Dunne SM, Abraham R (2000) Dental post-operative sensitivity associated with

a gallium-based restorative material. British Dental Journal 189: 310–313.
14. Chen WC, Tsai KD, Chen CH, Lin MS, Chen CM, et al. (2012) Role of

Gallium-67 scintigraphy in the evaluation of occult sepsis in the medical ICU.

Intern Emerg Med 7: 53–58.
15. Hagemeister FB, Fesus SM, Lamki LM, Haynie TP (1990) Role of the gallium

scan in Hodgkin’s disease. Cancer 65: 1090–1096.
16. Brown BH (2003) Electrical impedance tomography (EIT): A review. Journal of

Medical Engineering & Technology 27: 97–108.

17. Cherepenin VA, Karpov AY, Korjenevsky AV, Kornienko VN, Kultiasov YS, et
al. (2002) Three-dimensional EIT imaging of breast tissues: System design and

clinical testing. IEEE Transaction on Medical Imaging 21: 602–607.

18. Cherepenin V, Karpov A, Korjenevsky A, Kornienko V, Mazaletskaya A, et al.

(2001) A 3D electrical impedance tomography (EIT) system for breast cancer

detection. Physiological Measurement 22: 9–18.

19. Li HY, Yang Y, Liu J (2012) Printable tiny thermocouple by liquid metal gallium

and its matching metal. Applied Physics Letters 101: 073511-1-4.

20. Seligman PA, Moran PL, Schleicher RB, Crawford ED (1992) Treatment with

gallium nitrate: Evidence for interference with iron metabolism in vivo.

American Journal of Hematology 41: 232–240.

21. Martens RJ, Harrington JR, Cohen ND, Chaffin MK, Mealey K, et al. (2006)

Gallium therapy: A novel metal-based antimicrobial strategy for potential

control of Rhodococcus equi foal pneumonia. AAEP Proceedings 52: 219–221.

Liquid Metal as ECG Electrode and Skin Circuit

PLOS ONE | www.plosone.org 6 March 2013 | Volume 8 | Issue 3 | e58771


