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Development of a microfluidic preconcentration device for sub

Nowadays, indoor air pollution has become a major concern for society due to its significant impact on human health leading to 3.8 million premature deaths every year [1]. Among the broad variety of contaminants identified in indoor air, benzene, toluene, ethylbenzene and xylenes (BTEX) require particular attention since BTEX exposure has been associated with the development of numerous pathologies including asthma, kidney damage or neurological problems. In the case of benzene, more serious effects such as leukaemia had led the European Union to establish in 2013 a threshold limit value of 5 g m -3 (1.6 ppb) [2] for this pollutant in public buildings. In France, this limit was decreased to 2 g m -3 (0.6 ppb) in 2016. Hence, in order to check if indoor air quality (IAQ) is in accordance with the recent legislation, on-site rapid and sensitive analysis is required. 

CONCLUSIONS AND PERSPECTIVES

In this work, the 200 µL GC sampling loop has been replaced by a preconcentrator to improve the limit of detection (LOD) of the portable GC to sub-ppb levels keeping:

-High time resolution (10 -20 min) -Low gas carrier consumption (< 3 mL min -1 ) -Portability (weight < 5 kg) Symmetrical manifold fluidic system to promote a uniform flow distribution through the adsorbent bed. 

Design of the preconcentration device Microfluidic cavity Air sample

To evaluate the repeatability of the device, ten 20 mL samples containing 100 ppb of BTEX were consecutively injected. Between two consecutive injections, a cleaning step was conducted. Relative standard deviations (RSD) of peak area and retention time were calculated: 

Repeatability

Linearity Calibration curves and LOD

Different volumes varying from 5-80 mL of a 100 ppb standard gaseous mixture of BTEX were injected in duplicate at a fixed flow rate of 5 mL/min.

Peak areas increase proportionally with the corresponding sampling volumes

Sampling Volume (mL) Numerous experiments were conducted to evaluate the performances of the new GC prototype :

Calibration was performed using different gaseous concentrations of the targeted compounds ranging from 2.5-100 ppb:

The peak area increases linearly with the injected concentrations LOD were calculated from S/N = 3 for the two lowest injected concentrations (2.5 and 5 ppb)

We reported the development of a compact GC prototype for near-real time BTEX analysis in sub-ppb range. Using a 20 mL sampling volume, BTEX analysis was conducted in 19 min and corresponding detection limits of 0.20, 0.26, 0.49, 0.80 and 1.70 ppb were calculated for benzene, toluene, ethylbenzene, m/p-xylenes and oxylene, respectively. Considering the extremely low detection limit achieved by this prototype, it becomes possible to extend its use to other fields of application such as the food industry, early cancer diagnosis or explosives detection, by measuring other VOCs families and/or by changing the nature of adsorbent. Several improvements can be proposed for future versions of the compact GC including miniaturization of the preconcentrator and the separation column on the one hand in order to achieve faster heating, which would lead to faster desorption and then to thinner chromatographic peaks and on the other hand, to reduce the total analysis time. In addition, the miniaturization of both components will reduce the energy consumption of the prototype, increasing its autonomy and improving its portability.

The signal obtained with the GC prototype equipped with a preconcentrator (PC) is clearly improved:
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					Benzene	
					Toluene	
					Ethylbenzene	
					o-Xylene	
					m/p-Xylenes	
		Compound	Calibration Equation	R 2	LOD 1 (ppb) (This Work)	LOD 2 (ppb) [24]	Ratio LOD 2 /LOD 1
		Benzene	y = 2828.2 x	0.9913	0.20	0.72	3.6
		Toluene	y = 1206.3 x	0.9777	0.26	1.16	4.46
		Ethylbenzene	y = 454.2 x	0.9895	0.49	2.10	4.40
		m/p-Xylenes	y = 311.9 x	0.9959	0.80	1.40	1.75
		o-Xylene	y = 427.0 x	0.9949	1.70	2.63	1.55
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