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Abstract. Recent research showed that bacterial cells can be used as a NDT technique 
to detect and characterize micro and nano surface defects in a wide range of materials. 
This new NDT technique is based on the intentionality and life attributes of the 
bacterial cells, namely: their very small dimension, high penetration capacity, 
motility, adherence, fluorescence, sensitivity to electric and magnetic fields, death and 
reproducibility. This paper presents the proposed methodology and its application in 
different materials, components and defect morphologies. The use of the bacterial 
cells to characterize the surface texture and topography of components is also 
addressed. Results show that the use of bacterial cells as a NDT technique can 
effectively be useful for specific industrial applications.  

1. Introduction  

The development of new manufacturing process, technologies and materials has quickly 
grown but it also brought new challenges for Non Destructive Testing (NDT). More 
specifically, the miniaturization of components requires the use of advanced materials and 
new manufacturing process, that revealed the need of identification and characterization of 
micro and nano surface defects. Relevant applications where these defects can be found are 
in biomedical [1], electronic [2], mould making industries, and in microfabrication [3]. 

The evolution of NDT techniques has not followed the scientific, technological and 
industrial levels achieved in these products. Therefore, conventional NDT techniques are not 
adequate to identify these unparalleled defects and are not adaptable to micro components. 

Recently, a new NDT technique was proposed by Santos et al. [4] in response to this new 
challenge in the microfabrication industry. The intentionality and life attributes of bacterial 
cells were used to detect and characterize micro and nano surface defects. Furthermore, the 
bacterial cells can have very small dimension, present high penetration capacity, motility and 
adherence, be stained with fluorescent dyes, be sensible to electric and magnetic fields, and 
their death and reproducibility may be controlled. All these properties presented by bacterial 
cells allow the development of a wide range of solutions for applications were the technique 
can be used. 

This paper reports the use of this new NDT technique in some engineering materials with 
different defect morphologies. The behaviour of bacterial cells under different surface 
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conditions and the identification and characterization of micro and nano-defects is described 
and analysed. 

2. The use of bacterial cells as a NDT technique 

The application procedure of the new NDT technique using bacterial cells is similar to the 
one used with dye penetrant. Generically, the technique comprises 8 stages [4], however 
some of these can be suppressed or applied according to different variants, depending on the 
properties of the material tested and the bacterial strain used. 

In the first stage, the area to be inspected is identified, then cleaned and the bacterial cells 
poured over the surface on stage 2 and 3, respectively. Stage 4 is crucial for the success of 
the technique, as it is at this stage that bacterial cells penetrate into defects, simply controlled 
by capillarity and viscosity of the suspension. Moreover, during this stage, an electric or 
magnetic field can be applied to promote the motility and penetration of bacterial cells into 
defects. The optimum dwell time for the adhesion of bacterial cells was defined as 4 min [4]. 
The stage 5 can be also critical for the performance of the technique since, as the excess of 
bacterial cells is removed from the surface, some bacterial cells can also be removed from 
the defects. In stage 6 a medium is added to promote bacterial growth and increase their 
concentration above the defects allowing the identification and evaluation of the defects by 
the naked eye. The revelation (stage 6) can be skipped if the aim of the inspection is to 
observe the bacterial cells by fluorescence microscopy in stage 7. Stage 8 consists in a post 
cleaning and sterilization. Figure 1 depicts a schematic representation of the main stages. 

 
 

 
Fig. 1. Schematic representation of the main stages performed during the inspection using bacterial cells.  

In previous works, this technique was tested in several materials and components [4-7]. 
Defects with a depth of 4.3, 2.9 and 6.8 µm were identified in aluminium, steel and copper, 
respectively [4]. After some developments, different materials and defect morphologies were 
tested, including nanoindentation defects, micro-powder injection moulding components and 
micro-laser welding. Nanoindentations with 0.6 µm depth were successfully detected [5]. 
Recent improvements show that bacterial cells can effectively detect the defects in ISO 3452-
3 type 1 reference blocks with 0.5 µm thick defects, crack type defects in laser welds in 
titanium and microindentations in INCONEL [6-7]. 
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3. Materials and Methods 

3.1 Bacterial cells  

The bacterial cells used, Rhodococcus erythropolis DCL14, were isolated from a sample 
collected on a ditch in Reeuwijk, The Nederlands by the Division of Industrial Microbiology 
of the Wageningen University [8]. The bacterium is currently deposited and maintained at 
the IBB-Institute for Bioengineering and Biosciences, Instituto Superior Técnico, Lisbon, 
Portugal. 

Cells were cultivated in mineral medium supplemented with 0.25% (v/v) absolute ethanol 
(99.9%, Panreac) or 0.25% (v/v) n-hexadecane (99.9% Sigma-Aldrich) as carbon source, at 
28 °C and 200 rev/min. To standardise the initial concentration of cells in the assays, they 
were collected at the end of the exponential growth phase and, after the centrifugation, the 
cells were washed and re-suspended in phosphate buffer (pH7, 50mM) to an optical density 
(measured at 600nm) of 1. A Live/Dead® BacLight™ bacterial viability kit from Molecular 
Probes (Invitrogen Co.) was added (0.5 µL per 500 µL of cell suspension) to enable the 
visualization of the cells by fluorescence microscopy. The kit includes a mixture of SYTO®9 
green fluorescent nucleic acid stain and propidium iodide. This kit stains all viable bacteria 
green and non-viable bacteria red.  

3.2 Samples Characterization 

Four different materials were selected, and these were: stainless steel AISI 316L, anodized 
aluminium, 24 kt gold and an alloy composed by 60% of tin and 40% of lead, used mainly 
in the welding of electronic components. Small size artificial defects were produced with a 
well-known shape and morphology, but with different dimensions resulting from the use of 
different scale factor between defects, with good reproducibility, and facility to be measured. 

A micro hardness indenter, Mitutoyo HM-112, was used to produce the artificial micro-
defects using the proceeding described in [4]. The defect depth and side length are shown in 
Table 1 for the different loads and materials under test. 

The nano-defects were performed with a standard Berkovich indenter, which is a 3-sided 
pyramid with an angle between the centreline and the three faces of 65.3°. Nanoindentation 
was performed using Micromaterials Nanotest system, with loads from 125 to 50 mN in 24 kt 
gold. The distance between indentations was of 25 µm. The side length was 6 µm and the 
depth was 0.7 µm. 

3.3 Methodology 

The selected samples for inspection were cleaned with 70 % ethanol and dried in open air 
at room temperature before the deposition of bacterial cells. The bacterial suspension was 
(i) dropped over the surface of the samples to be inspected and left to rest for 4 min, or 
(ii) subjected to an electric or magnetic field to promote the bacterial motility and then left 
to rest for 4 min. 

After the time defined in the penetration stage, the excess of the bacterial suspension was 
mechanically removed with precision wipes (Kimtech Science from Kimberly-Clark). To 
observe the samples by fluorescence microscopy, an Olympus CX40 microscope equipped 
with an Olympus U-RFL-T burner and a CCD colour camera (Evolution MP5.1 from 
Cybernetics, Inc) was used. The wavelength of the excitation and emission light was 
determined by an U-MWB mirror cube unit on the microscope containing an excitation filter 
(BP450-480) and a barrier filter (BA515). Images were captured and analysed using the 
software Image-Pro Plus also from Media Cybernetics, Inc.  



4 

Table 1. Size of defects produced with different loads in the materials under test. 

Defect 
reference 

Load 
(N) 

Defect depth (D) / side length (L) (µm) 

Anodized 
Aluminium  

Tin-Lead alloy 
Stainless steel 

AISI 316L 
A 10 16.5/81.6 - 14.5/71.8 
B 5 11.3/55.8 - 10.4/51.2 
C 3 7.2/35.6 82.9/410.4 8.0/39.5 
D 2 3.2/15.9 34.2/169.4 6.2/30.9 
E 1 2.5/12.6 27.5/136.3 4.4/21.8 
F 0.50 2.6/12.8 22.8/112.8 3.2/15.6 
G 0.25 1.7/8.4 19.4/96.1 2.3/11.1 
H 0.10 1.1/5.6 16.3/80.9 1.2/5.9 

4. Results and discussion 

4.1 Black anodized aluminium 

A painted anodized aluminium sample was prepared to evaluate the motility of the 
bacterial cells on this type of surface. In this surface condition the probability of detection of 
defects are smaller, since the roughness had a dimension close to the dimension of the 
artificial defects. It was thus clear the difficulty of detecting such defects using bacterial cells 
due to rough topography (Figure 2). Nevertheless, the detection of a third defect (C) with 
7.2 µm of depth and 35.6 µm of side length using bacterial cells was achieved. This surface 
condition may represent an extreme condition of the acceptable roughness range for this 
technique. 

 

a)  b)  

Fig 2. Black anodized aluminium tested with Rhodococcus erythropolis. a) Without bacterial cells. b) with 
bacterial cells. 

4.2 Tin-Lead Alloy 

The dimensions of the artificial defects in this sample are greater than in other materials 
already tested due the low hardness of this alloy, which is constituted by 40% of lead and 
60% of tin. As expected, all artificial defects were detected (Figure 3). It can be seen that the 
bacterial cells adhered preferentially to the defects rather than to the surface. No adverse 
reaction was observed during the test, allowing the inclusion of this alloy in the list of 
materials that may be tested with this technique. 
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a)  b)  

Fig 3. Tin-Lead alloy tested with Rhodococcus erythropolis. a) Without bacterial cells. b) With bacterial cells. 

4.3 Stainless Steel AISI 316L 

Following the same proceeding described, a matrix of defects was produced in stainless 
steel AISI 316L. In this sample an alternating magnetic flux density was applied with an 
amplitude of 75 mT (B = 750 Gauss) and a frequency of 1 Hz during the penetration stage. 
A lower quantity of bacterial suspension was deposited on the surface, than in other 
inspections. 

 

a)  b)  

c)  
Fig 4. AISI 316L tested with Rhodococcus erythropolis. a) Without bacterial cells. b) with bacterial 

cells. 
 

It was observed that all the defects were identified by this technique, as it is shown in 
Figure 4. Although the defects contained few bacterial cells, due the small volume of 
bacterial suspension deposited, it was clear that the bacterial cells adhered to the irregularities 
of the defect surface. The defect highlighted with a red box in Figure 4b) is shown in more 
detail in Figure 4c), and confirms that bacterial cells preferentially adhered to nano 
irregularities inside the defect. This result shows that the detectability limit of the technique 
can still be improved. 

200 µm 200 µm 

25 µm 
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4.5 24 kt Gold 

Nano defects were produced in a sample of 24 kt Gold to evaluate the performance of the 
technique at this nanoscale. A sample in gold was selected due to its purity and for its known 
very low chemical reactivity.  

All nanoindentations on gold were identified by the bacterium Rhodococcus 
erythropolis (Figure 5). The detectability limit achieved in this inspection was of a defect 
with 0.7 µm depth and 6 µm of side length. By detecting several defects of the matrix with 
the same morphology and dimension, the reproducibility and reliability of the results was 
ensured. 
 

 

a)  b)  
Fig 5. 24 kt Gold sample inspected with Rhodococcus erythropolis. a) without bacterial cells. b) 

with bacterial cells. 

5. Conclusion 

The new NDT technique using bacterial cell suspensions proved adequate to identify 
micro and nano surface defects in anodized aluminium, tin-lead alloy, stainless steel 
AISI 316L and in 24 kt Gold. Micro defects with a depth of 7.2 µm, 16.3 µm and 1.2 µm 
were identified in anodized aluminium, tin-lead alloy and stainless steel AISI 316L, 
respectively. 

The feasibility of the new NDT technique on rough surfaces was tested and it was shown 
that it is also possible to detect micro surface defects on this type of surfaces. 

Nano defects with 0.7 µm of depth and 6 µm of side length were detected on a gold 
surface. The reproducibility and reliability of the results was ensured, by detecting several 
defects with the same morphology and dimension. 

The development of this work shows the viability of this NDT technique and its potential 
performance to identify and characterize defects in micro components. 
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