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Methodological Approaches to Reduce Uncertainties Associated
with Air Sampling : Development and Assessment
of a Six—port Manifold MFC System
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Abstract

In order to develop a confident sampling technique, we designed and constructed a 6—port manifold MFC sam-

pling system for collecting gaseous pollutants in air. Using this instrumentation, we tested the performance criteria
of MFC system in terms of: (1) flow rate; (2) MFC—to~MFC variability; (3) tube~to—tube variability; and (4) time.
It was interesting to find that the later two factors did not show any significant variations, while the former two show

substantially large variations. However, as most of those variabilities are consistent enough to form systematic pat-

terns, we were able to explain the occurrence patterns of all those MFC biases in terms of those four major vari-

ables. The overall results of our experiment suggest that one needs to use correction factor for each MFC unit

under a given flow rate to maintain optimal accuracy and precision for sampling of those pollutants.
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Fig. 1. A Schematic diagram of 6~port MFC system.
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Fig. 2. Plots of MFC bias among different tube units with time of measurements. Three measurements were made for

each channel using six different MFC units.
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Fig. 3. Comparison of variabilites of MFC bias at varying
flow rates. The results of three different experi-
ments were used to compute the mean values for
each flow rate.
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Table 1. Comparison of bias occurrence patterns in MFC operation. Bias is computed by the relationship between

MFC and a reference digital mass flow meter.

(1) Tube-to-tube variabilities of bias at varying flowrate

ml/min TI* T2 T3 T4 TS Té Grand mean RSE
20 22.90 2291 22.97 23.72 23.99 23.60 23.35 0.84
40 11.46 11.31 12.05 11.90 11.48 11.62 11.64 0.99
100 2.75 2.73 2.87 312 2.82 3.15 291 2.58
200 0.50 0.41 0.45 0.64 0.45 0.58 0.50 7.05
300 —-1.05 —0.88 -0.74 —0.83 -0.68 —0.74 -0.82 -6.61
400 —1.95 -1.85 -1.80 -1.79 —1.83 -1.95 —1.86 -1.53
500 -1.78 —1.64 -1.72 -1.65 -1.71 -1.71 -1.70 -1.20
*T1 through T6 denote different tube units filled with adsorbents for comparative analysis of MFC system.
(2) Channel-to-channel variabilities of bias at varying flow rate
ml/min Chl##* Ch2 Ch3 Ch4 Chs Ché Grand mean RSE
20 34.94 11.83 31.87 9.19 41.02 11.24 23.35 24.72
40 19.02 4.34 15.48 323 24.02 3.73 11.64 31.73
100 3.68 0.31 4.30 0.73 8.41 0.00 291 45.63
200 0.90 -0.82 1.24 —-0.59 342 -1.13 0.50 139.37
300 -0.36 -1.59 -0.43 —1.65 0.94 —1.84 —0.82 —53.43
400 -1.37 —2.44 -1.53 —-2.39 -0.87 -2.57 —1.86 —15.34
500 -1.24 -2.11 —-1.26 -2.31 —1.17 ~2.12 -1.70 —12.70

**Ch]1 through Ch6 denote different MFC units for comparative analysis of MFC system.
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