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Explosives Traces Detection Device

The use of explosives in terrorist acts is a serious problem worldwide. Terrorists' reliance on explosive devices concealed in daily use items, hidden in vehicles, luggage, or under clothing of suicide terrorists, generally lead to a high casualty rate, causes considerable emotional impact, and property damage. Therefore, fast and accurate detection of the explosives and their disarming is an extremely important task. 

Along with direct detection of premanufactured explosive charges or stockpiles (shipments), particular attention should be paid to identification of the individuals involved in terrorist activities. Therefore, detection of explosives traces (minimal amounts of explosives) on the hands, clothing and documents presented for security checking appears to be of utmost importance.

The function of the present device is detection of the explosives traces on various items surfaces in order to ensure public security. Any potential carrier of the explosives traces can be tested as the above-mentioned items. For example: 


- hands and fingers of individuals undergoing routine security checking; 

- documents (passport, visa, tickets, etc);

- special wipes used for cleaning the items surfaces;

- substances and materials that can potentially be explosives;


- items from the passengers luggage, clothing, etc.
 Hands and fingers are most likely to retain trace amounts of substances the person was handling directly before the security checking. Most explosives are not readily water-soluble, yet they are highly adhesive, therefore the likelihood of traces remaining in the skin folds, particularly in the fat layer of fingers is considerably high during a rather long time after the contact with the explosive, and even after washing.. 

Technically, however, the task of explosives traces detection on the surfaces of various items is complicated by the fact that industrial and ammunition products involved are mostly hard, often plasticized substances, manufactured with a variety of binding compounds (such as the US-made C-4), which render the process of explosive evaporation difficult. This, in turn, makes the use of well established and relatively low-threshold detection methods based on air content analysis (such as, for instance, gas chromatography or ionic emission spectroscopy) rather problematic. Air concentration of several explosive substances (hexogen, tetranitropentaerytrite etc.) included in the composition of many plastic explosives is relatively low and necessitates the use of low-threshold detectors. This results in the detectors progressive structural complexity, growing size and manufacturing expenses, along with lowering of efficiency control. 

Since the explosives volatility is low, and a pure, vaporized state (not contaminated by other, much more volatile compounds of the tested items) is difficult to achieve, it is suggested that the explosives detection be undertaken by testing of solid state substances. The disturbed total internal reflection (DTIR) method with the use of the explosives traces detection device developed by our experts appears to be most promising in detecting trace amounts of explosives on surfaces.

Advantages of the proposed approach are as follows: 

1. Sufficiently high sensitivity when operating at optimum spectral ranges and optical diagnostic schemes. 
2. Ability to detect a wide variety of explosives (principal explosives range) with a single device, without recalibration. 

3. There is no need for distillation of the explosive substances from the surface of the item under neither examination; nor their elution or any special testing preparation - i.e. no potentially destructive impact on the item.

4. Surface analysis of the item is performed directly (i.e. it's not the explosive vapors near the document that are being tested), the fact that significantly increases the method's sensitivity.

5. The method control is performed by direct contact of the item under examination with the prism of DTIR. 

6. High speed of the DTIR method (instant testing takes but a few seconds). 

7. The DTIR-based device is completely safe for both the operators and the persons under examination. 

8. The DTIR- based device can easily be integrated into all-inclusive automated security systems such as passport control and others.

Main areas of application are suggested as follows: 

· integrated entrance security systems for the high attendance facilities: passport 
border control, customs terminals, airports, railroad stations, etc.

· random control during various enforcement agencies activities 

· other uses geared at control of illegal explosives transactions and detection of the 
individuals involved

The device is intended for round-the-clock instant testing (instant testing results obtained in less than 10 seconds) of the presence of explosives traces on the items in quantities affording both sufficient method sensitivity in real-life environment and minimal likelihood of false-positives due to extremely low threshold of the process.

Method Description
DTIR spectroscopy is a well known and approved method of obtaining solid and liquid specimens spectrum without any advance specimen preparation. The spectrums are obtained through the emission penetrating from the DTIR element onto the immediately adjoining object (such as a document), that can contain any number of possible impurities such as micro and nano-particles of explosives. DTIR spectroscopy is a method of real substances testing in real-life environments. Optical spectrum logging time is but a few seconds. DTIR spectrum, not unlike absorption spectrum, is a set of numeric data unique for each specimen, and can be accurately interpreted by software. This way, the use of DTIR method permits fast, secure identification and automation of explosive substances detection in documents. 

Key substances comprising most widespread types of explosives were tested - trotyl, hexogen, tetranitropentaerytrite, picric acid, octagen, ammonium nitrate, etc. The strongest lines of absorption for most explosives molecules lie in the range of 1200-1700 cm-1, (the area of NO2- group fluctuation). Two lines can be noticed most often: the low frequency line is at 1350 cm-1, pertaining to the symmetric fluctuation, and the high frequency one at the 1550 cm-1 range, for anti-symmetric fluctuation. For the molecules of picric acid, the anti-symmetric fluctuation line is split in two. 

Table 1 lists the lines most convenient for explosive identification (for various types of explosives) 
Table 1. 

Frequencies (cm-1) of the lines suitable for explosives trace identification on documents. 

	Trotyl
	DNT
	Tetranitro-pentaerytrite
	Hexogen
	Octagen
	Picric acid

	638.46
	732.96
	621.09
	781.18
	759.15
	782.14

	704.04
	914.17
	702.10
	925.30
	829.76
	919.09

	715.61
	835.19
	754.18
	1037.71
	944.94
	939.34

	732.97
	1066.65
	846.76
	1267.25
	964.11
	1084.01

	792.77
	1347.29
	1001.07
	1456.27
	1142.80
	1153.45

	906.57
	
	1035.79
	
	1202.22
	1179.49

	1350.21
	
	1269.18
	
	1272.01
	1346.33

	
	
	1282.68
	
	1346.95
	


Figure 2 presents an experimental DTIR spectrum for trotyl. Three lines of absorption (900, 1350 and 1550 cm-1) can clearly be identified on the spectrum. 
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Figure 3 shows a basic scheme of DTIR method process for explosives traces detection on documents. 
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Figure 3. Principal optical design of the device. 1-DTIR prism, 2-foundation, 3-formative optics, 4-infrared light source, 5-light induced grating, 6-multichannel infrared receiver, 7- item (document) under examination for explosives traces. 
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Figure 4. Device appearance

Main features (function, performance and dependability): 

· ability to function as part of integrated security systems; 

· explosives traces detection on surfaces of documents under examination on the level of 5 ng; 

· availability of around-the-clock documents surface testing for explosives traces, without repeat maintenance of the device; 

· standard medium transmission of the information on the presence of explosives traces on the document surfaces and results integration into the existing information systems; 

· maximum testing time for the presence of explosives traces - under 3 sec; 

· set-up time - under 10 sec; 

· power supply from AC power source 220 V or from built-in batteries; 

· Working temperatures - + 5°С - + 50 °С. 

· The device construction is waterproof. 

· The device weight is less than 3 kg. 

· The device dimensions are under 300х230х90 mm. 

· Average time to failure - at least 5000 hours. 

· Device service life - not less than 8 years. 

Some of Detectable substances

· Hexogen 

· DNT 

· Tetranitropentaerytrite 

· Trotyl 

· Picric acid

· Octogen 

· Ammonium nitrate, etc. 

Task management with the use of the explosives traces detection device 

The device is used in the areas where checking individuals for explosives contact may be necessary: in the airports, checkpoints, customs and border control points, etc. The device can be used in random checking of individuals by the patrolling units and during cargo screening for suspicious substances. The device can be used for explosives traces testing on the surfaces of a variety of objects indoors. 

When testing individuals for presence of explosives traces on their hands, the hand (palm, finger) of the individual is put on the sensitive element of the device (DTIR prism surface) for approximately 1 second (Figure 5). If the device detects traces of explosives, it issues an alarm signal which becomes grounds for a more thorough testing and inspection of the individual. The device is capable of working continuously and testing a very significant number of individuals. 
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Figure 5. Passage of procedure of examination
When testing documents (passports, visas, etc.), the document must be held in place on the sensitive element of the device (DTIR prism surface) for approximately one second (Figure 6). If the device detects traces of explosives, it issues an alarm signal which becomes grounds for a more thorough inspection and testing of the individual. The device is capable of working continuously and testing a very significant number of individuals. 
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Figure 6. Passage of procedure of examination
In order to find out if there are any traces of explosives on the objects/items that can not be placed in direct contact with the DTIR prism, the item in question is wiped with a solvent-saturated wipe (such as acetone); and the wipe is then held in place on the sensitive element of the device. In case scraping of the item was performed, the scrape is held in place by a special holding press for a few seconds.The device is capable of testing liquids (solutions). In order to perform the test, a drop of the liquid under examination is to be placed on the sensitive surface of the device with the help of a pipette. No pressing/holding is needed in such case.

The device operational conditions are as follows: 

- Temperature - from +5 °С to +50 °С; 

- Humidity – up to 80%. 

- Wind - up to 10 m/s. 

The device can be transported by any means of transportation

The device is operated by one person who passed training and is familiar with the device operating procedure and instructions. 

Areas of Utilization
The main use of the current device is checking at the checkpoints: passport and visa check in the airports, railroad stations and customs and border control areas; entry tickets checking at the sports competitions and other large scale events.
The device permits automated instant testing for the traces of explosives alongside routine security procedures. 

The device also can be used as an independent instrument for singling out individuals involved in terrorist activities; and as a mobile unit in any kind of security checking operations set by appropriate authorities.
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