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Abstract 
 
Recent developments have shown that the use of bacterial cell suspension may be a non-destructive testing 
technique viable to detect micro surface defects in engineering materials. This new NDT technique explores the 
wide range of properties of bacterial cells, such as small dimension, high penetration capacity, motility, 
adherence, reproducibility and death, and also susceptibility to electric and magnetic fields and the possibility to 
stain them with fluorescent dyes. The generic methodology to perform this NDT technique is similar to the one 
used in dye penetrant and magnetic particles techniques. In fact, bacterial cells preferentially adhere to surface 
irregularities, such as roughness, cracks and voids, allowing the identification of these defects in inspected 
surfaces. This communication presents results on the application of the technique in samples of different 
engineering materials to detect artificial micro defects, using two types of bacteria, in the presence or not of 
magnetic and electric fields. The technique was also validated in micro fabricated samples. The experimental 
results show that it is possible to identify artificial defects with 20 µm width and 4 µm of depth in AISI 304L, 
AA1100 and copper. 
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1. Introduction 
 

The constant technological developments and the significant evolution of new materials 
require new techniques and methods of Non-Destructive Testing (NDT), especially in the 
microfabrication field. The defects present on components produced by microfabrication 
require a different approach, since the specificity of these defects goes beyond the current 
technological limits of conventional NDT techniques. The increasing demand for smaller 
sized electronics [1], biomedical [2] and other microfabricated [3] components raises the need 
to identify and characterize micro surface defects with unprecedented dimensions. 

A new concept of NDT based on the use of bacterial cells stained with fluorescent dyes was 
developed for the detection of micro surface defects in materials for engineering applications. 
The first results demonstrated the high potential of the technique. Micro surface defects with a 
depth smaller than 3 µm and width of ca. 15 µm were detected [4]. 

This technique is based on various properties of the bacterial cells, namely: small dimension 
(smaller than 1 µm), high penetration capacity, motility, adherence, reproducibility and death, 
fluorescence, endothermic/exothermic properties, and also the sensitivity to electric and/or 
magnetic fields. 

The methodology applied in this NDT technique comprises 8 stages [4]. On stage 1 the 
area to be inspected is identified before proceeding to stage 2 where surface cleaning is 
performed. After the deposition of bacterial cells on the surface (stage 3), the next stage is one 
of the most important since the bacterial cells are allowed to penetrate and adhere to the 
defects. In this stage, electric and magnetic fields can be used to promote the movement of the 
bacterial cells on the surface. To prevent irreversible adherence of the cell to the surfaces the 
deposition time should not exceed 4 minutes. In stage 5 the excess of bacterial cells is 
removed. The following step involves the inspection of the surface of the material to detect, 
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characterize and evaluate the existence of micro surface defects under a microscope. To allow 
the observation of the defects under the naked eye, the materials may be placed on growth 
medium for a few hours to allow the growth of the bacteria inside the defects. In the final 
step, the materials should be cleaned and sterilized using chemicals (e.g. ethanol), heat or UV 
radiation. 

The aim of the present study was the validation of the technique on different materials with 
common engineering applications where artificial defects were made. 
 
2. Experimental Procedure 
 
2.1 Samples with artificial defects 
 

The interaction between bacterial cells and surfaces depends on several parameters (e.g. van 
der waals and hydrophobic forces) and therefore it was important to initially assess the 
behaviour of the cells to be tested on different materials. The major phenomena to be 
considered are the roughness of the material surface, the possibility of biocorrosion and the 
antibacterial properties of some materials. To compare the behaviour of the cells and the size 
of the defects they could enter, artificial micro defects were made in the materials (Table 1). 

Micro surface defects were produced with known dimension and shape in order to create an 
array of defects with different sizes as shown in Figure 1. To produce the artificial defects it 
was used a micro hardness indenter Mitutoyo HM-112 with a Vickers pyramid. This pyramid 
has a square base with an angle of 136º between opposite faces. The length (L) and the depth 
of indentation (D) can be correlated by approximately the following 
equation:  2/1362  tgDL . Micro hardness loads were adjusted to make defects with 
different dimensions (Figure 1). Table 1 presents the dimensions (length and depth) of 
artificial defects produced in the materials under study. 

 

 
Figure 1. Morphology of the artificial defects. 

 
 

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) 

Aluminium Copper Steel 

A 10 19.1/94.7 21.0/103.9 12.6/62.5 
B 5 13.6/67.4 15.0/74.0 8.3/41.1 
C 3 10.5/51.9 11.6/57.3 6.5/32.1 
D 2 8.6/42.5 9.5/47.1 5.5/27.1 
E 1 6.0/29.9 6.8/33.4 3.6/17.7 
F 0.50 4.3/21.5 5.0/24.6 2.8/13.9 
G 0.25 3.2/15.7 3.5/17.3 1.9/9.7 
H 0.10 1.7/8.4 2.0/9.7 1.2/5.7 



 

 

2.2 Bacterial cells 
 

The bacterial cells used were Rhodococcus erythropolis DCL14. The bacterium was first 
isolated by the Division of Industrial Microbiology of the Wageningen University, The 
Netherlands, from a sample collected on a ditch in Reeuwijk [5]. It is deposited and 
maintained at the Institute for Biotechnology and Bioengineering, Instituto Superior Técnico, 
Lisbon, Portugal.  

Cells were grown in 100 mL Erlenmeyer flasks containing 20 mL of 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. The cells were grown in orbital shakers 
(Aralab Lda) at 281 ºC and 200 rpm and collected at the end of the exponential growth phase. 
After centrifugation, the cells were washed and ressuspended in phosphate buffer (pH7, 
50 mM) to an optical density (measured at 600 nm) of 1 to standardise the initial 
concentration of cells in the assays. To the cell suspension, a Live/Dead® BacLightTM 
bacterial viability kit from Molecular Probes (Invitrogen Co.) was added (0.5 μL per 500 μL 
of cell suspension). The kit contains a mixture of SYTO®9 greenfluorescent nucleic acid stain 
(which stains all bacteria green) and propidium iodide (which stains only bacteria with 
damaged membranes; since it reduces the SYTO®9 fluorescence when they are both present, 
non-viable cells are stained red). 

Under the growth conditions used, the cells were on average 0.92 µm long, presented a 
rod-shape morphology and decresed the surface tension of the medium to 22 mN/m when 
grown on n-hexadecane as carbon source. 
 
2.3 Methodology 
 

The samples were inspected following the procedure described in [4]. In summary: after 
cleaning the surface with alcohol and drying it in open air, a suspension of 1 g/L of 
R. erythropolis cells, stained with fluorescent dyes, was deposited over each matrix of defects 
and surrounding area, for 4 min (the optimum time for stage 4). During this time, the bacterial 
cells over the samples were subjected to electric or magnetic fields. The intensity of electric 
field was 320 KV/m in horizontal and vertical directions, and for the magnetic field was 
150 Gauss in the horizontal direction and 250 Gauss in the vertical direction. After the 
penetration time, the excess of bacterial cells was mechanically removed with precision wipes 
(KimtechScience from Kimberly-Clark) and the surface was observed using an Olympus 
CX40 fluorescence microscope with an Olympus U-RFL-T burner and an U-MWB mirror 
cube unit (excitation filter: BP450-480; barrier filter: BA515). Images were captured with an 
Evolution TM MP5.1 CCD colour camera using the software Image-Pro Plus, both from 
Media Cybernetics, Inc. After observation, the samples were sterilized using 70% ethanol. 



 

 

3. Results and Discussion 
 

Table 3 depicts the matrix of defects where bacterial cells are located, indicating the 
smallest defect (highlighted by a red circle) that is detectable in each material, showing the 
feasibility of the technique using bacterial cells to detect micro defects. It was also possible to 
detect the smallest defect in a matrix of copper when the electric field was applied, decreasing 
the influence of the anti-bacterial effect of copper. With a magnetic field the improvement 
was smaller than the electric field, but it was possible detect micro defects with 5.0 µm in 
depth. However, this result needs further investigation on bacteria/material interaction 
behaviour. 

Bacterial cells were able to enter the artificial defects produced and, since they were 
stained with fluorescent dyes, it was possible to determine the dimensions of the smallest 
defect that still contained cells in each material (Table 2; highlighted by a red circle; Table 3). 
This simple test clearly shows the feasibility of the technique to detect micro defects.  

The application of electric or magnetic fields further improved the motility of bacterial 
cells during the penetration time in stage 4. It was also possible to detect the smallest defect 
present in a matrix of copper when the electric field was applied. This indicates that, 
apparently, the electric field could decreases the anti-bacterial effect of copper and allows the 
maintenance of viable cells on the surface. With a magnetic field the improvement was 
smaller than with the electric field, but it was possible to detect micro defects with a depth of 
5.0 µm. However, this result also indicated that further investigation on bacteria/material 
interaction behaviour is required. 

 
 
 
Table 2. Smallest defects detected (red circles) for Aluminium, Copper and Stainless steel under 

an electric or a magnetic field 
 

Material Electric field Magnetic field 

Aluminium 

  

Copper 

  

Stainless Steel 

  
 



 

 

Table 3. Minimum defect size detected. 
 

Applied Field 
Depth (D)/side length (L) (µm) 

Aluminium Copper Steel 

Electric 1.7/8.4 2.0/9.7 1.9/9.7 

Magnetic 1.7/8.4 5.0/24.6 1.2/5.71 

None [4] 21.3/4.3 33.4/6.8 14.4/2.9 

 
 

5. Conclusions 
The new technique with bacterial cells proved to be adequate for detecting micro defects 

with a depth below 4 µm in samples with artificial. The electric and magnetic fields have 
improved the motility of the bacterial cells. 

The limit of detectability was of 1.7, 2.0, and 1.2 µm depth for Al, Cu and AISI 304L, 
respectively. 
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