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ABSTRACT

Objectives: This study investigated the performance of three separate units of a portable photoionization detector (PID,
ppb-RAE 3000) for measuring volatile organic compounds (VOCs) in a laboratory.

Methods: A laboratory evaluation of the accuracy, precision, and inter-instrumental variance of three separate units of a
portable PID (ppb-RAE 3000) was performed. The evaluation was based on the preparation of a test air sample of known
toluene or ethylacetate concentration in a Tedlar® bag. The test air sample was monitored and data were logged
consecutively by the three PIDs. A certified gas of 50 ppm toluene was also monitored during the test to ensure the
reliability of the generated test air sample. Four different concentrations ranging from 0.1 to 2 TLV were used and a series
of five measurements for each concentration level was performed. The accuracy was evaluated using National Institute for
Occupational Safety and Health (NIOSH) criteria.

Results: The results from the oldest ppb-RAE3000 unit among the three test units generally fell outside the NIOSH
recommended accuracy criteria of £25%, whereas the other two units produced results which were acceptable at, or greater
than, 25 ppm of toluene, or 0.5 TLV. These units also met the NIOSH criteria for some ethylacetate measurements but the
results were not consistent.

Conclusions: Considering the inconsistent performance of these ppb-RAE 3000 units, this device may not be appropriate
for use as an alternative to the standard measurement methods. However, it can serve good survey instruments to identify
exposure sources or concentration profiles. For all applications, the ppb-RAE 3000 should be used with frequent calibration
checks, additional validation using a reference material, and careful maintenance.
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Table 1. Maintenance history and flowrate of each ppbRAE unit

Date of Cleaning Cleaning Clleanmg Flol\;v rate,
hase  sensor lamp amp mimin
pure housing (Mean+SD)
Unit 1 May 2010  none none none 399.5+0.6
. September
+
Unit 2 2009 none none none 455.7+0.6
Unit 3 May 2009  none none none 459.8+4.7
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1. ppb-RAE 30002] HtS A| ZH(tyo)

HF-§-A] ZH(response time)> 2| =54 &4 7]719] A
o RoFe 8T ARt ALH R AHE
HolFl H%4] 770 e AA W
LAF A BE Ro=d 7HA] Al7ko] A7) wii&
of A== At sEHSE WY o gl o] o
A AZHS WG A Zho| gk Bt WA TR &
871717t 54 skl kEH olF Hx 9| 90%(HE
95%)°ﬂ EFS77H A ARl ATFO R to(tes) 2 3
bk 71719) WAL S HUSH] 913 71718
0 714 sESze] BRdd] wEAZ T 7 55
ofo0%e] et AZHe YT 7 BT S E
o4 58] ¥FE: 2551 9{Tt Table 2} Fig. 191 4] 2=
Table 2. Response times (too) of each ppbRAE 3000 at four

concentration levels of toluene
(unit : sec)

toluene concentration

Sppm 25 ppm 50 ppm 100 ppm  range
Unit 1 4-39 4-28 4-33 7-22 4-39
Unit 2 4-18 4-12 5-10 5-7 4-18

Unit 3 24-39 21-29 22-28 16-24 16-39
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Fig. 1. Readouts against four levels of toluene using three units of ppbRAE (dotted line indicates the nominal concentration levels tested).

Table 3. Bias, precision and accuracy of ppbRAE3000s calibrated with 10 ppm and 100 isobutylene

(unit : %)
Calibration . Nominal Unit 1 Unit 2 Unit 3
Chemical Conc.
gas (ppm) Bias Precision Accuracy Bias Precision Accuracy Bias Precision Accuracy
5 138.6 9.5 157.6 91.4 9.0 109.3 20.8 10.0 40.8
25 27.9 2.3 324 -29 2.7 8.2 - 311 4.9 41.0
Té’nlfs")le 50 9.9 2.1 141 - 194 2.9 253 -396 43 48.2
100 3.7 0.5 47 - 25.0 1.4 277 - 4211 2.7 475
10 ppm Overall 3.6 522 4.0 426 55 44.4
isobutylene 40 46.7 14.2 75.1 16.6 10.7 37.9 - 333 42 41.6
Ethyl 200 1.7 55 12.7 - 28.0 3.9 35.7 -51.8 3.0 57.7
Acetate 400 -55 3.4 12.3 - 379 2.1 42.0 - 55.8 1.4 58.7
(0=5) "o - 11.6 2.3 16.2 - 428 1.4 457 - 587 0.9 60.5
Overall 6.3 29.1 45 40.3 24 54.6
5 10.8 20.6 52.0 35.6 183 72.1 -11.8 18.1 48.0
25 0.1 8.9 17.9 48 8.9 225 -26.5 11.0 48.5
ng‘)‘e 50 -5.8 6.4 18.7 -5.0 5.8 16.5 -29.6 10.1 49.8
100 -6.5 4.1 147 -10.5 34 172 -28.7 6.2 41.1
100 ppm Overall 10.0 258 9.1 32.1 11.4 46.9
isobutylene 40 11.0 15.0 41.0 46.7 20.4 87.5 9.8 45 18.8
Fthyl _ 200 -8.4 6.0 20.3 47 3.7 122 293 6.9 43.0
Acetate 400 -16.6 46 258 9.1 5.9 20.9 -35.5 8.4 522
(=5 " g00  -202 44 28.9 0.0 38 27.7 -40.2 8.3 56.7
Overall 75 29.0 8.5 37.1 7.0 4.7
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Fig. 2. The effects of calibration gas concentration on the accu-
racy of PIDs for measuring toluene.
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Table 4. Readout comparisons against two sources of Toluene 50
ppm, house-made test air or certified test air

Method N Mean+S.D. Min. Max. p-value

House-made test air 5 47.08+3.02 43.98 50.63 0.501

Certified test air 5 46.11+0.57 45.17 46.74
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