PRI AYNA] A 6 A A 1 E
Korean 1Ind. Hyg. Assoc. J
Vol. 6, No. 1, April, 1996

312 §7180 55 370) o1 SB4 AR S5
o WF 454 AR Aol B AT
A2 B G S5 ABARA A

Agdigts Rage
Wt - Fabd - st - olgs

— Abstract—

Evaluation of Commercially Available Passive Samplers
and Development of New Passive Samplers
Part 2 : Development of New Passive Samplers

Nam Won Paik, Sang Hui Kong, Jeong Im Park and Young Hwan Lee

School of Public Health, Seoul National University, Seoul, Korea

A new type of passive samplers were designed and produced by authors. After evaluating the qual-
ity of activated carbon by measuring recovery rate of organic vapors and steadiness of sampling rate,
activated carbon with 30 - 35 mesh produced by Company 8 in Korea was selected. In each passive
sampier, an amount of 400 mg of the activated carbon was filled in 25-mm cassette and covered by
fixed screen {or wire screen with 100 mesh). In addition to the fixed screen, a wind screen (or wire
screen with 300 mesh) was also attached at outer face. The sampling rate of the new Korean passive
samplers was estimated. Conclusions obtained in the study are as follows.

1. Sampling rates of the newly developed Korean passive samplers were affected by sampling time.
For n-hexane, sampling rates of 15- and 60-minute samples were 70.92 and 37.45 ml/min, respec-
tively. Sampling rate of both 200- and 450-minute samples was 25.96 ml/min. It is concluded that,
when passive samplers are used for measuring organic vapors, samples be coliected longer than 60
minutes.

2. Sampling rate of the passive samplers was also affected by airborne concentration of organic
vapors. Lower sampling rates were determined at level of 1/2 threshold limit values (TLVs} rec-
ommended by the American Conference of Governmental Industrial Hygienists (ACGIH). It is
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recommended that sampling rate of the passive samplers be obtained at site by measuring concen-
trations using both the NIOSH Method and passive samplers simuitaneously.

3. When the passive samplers, which collected organic vapors, were exposed to clean air for five
hours, there was no significant loss of organic vapors due to reverse diffusion.

4. When samples were stored at room temperature (21.8 £ 0.7 ©) and refrigerator (3.8 + 0.7 ©),
there was no significant difference in the accuracy of results. For trichloroethylene and n-hexane,
accuracies were within 25 % at both temperatures until seven days. However, poor accuracy
exceeding 25 % was indicated in toluene from the first day. It is recommended that samples be

stored at freezing temperaure below 0 .

5. Sampling efficiency was sigﬁﬁcantly affected by direction of the passive samplers. Results of
samplers facing wind and down, respectively, were compared. Lower amount of organic vapors

were collected when the sampler was oriented down. It is recommended that, when air velocity is

low in plants, the passive samplers be oriented to the wind. However, when air velocity is high, the

passive samplers be oriented down.

Key Words : diffusive sampler, activtated carbon, known concentration, sampling rate, sampling

capacity, overall accuracy
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Table 1. Characteristics of Activated Carbon by Particle Size

Activated Carbon by Particle Size

Characteristics

20 - 30 mesh 30 - 35 mesh 40 -80 mesh
Raw Material Coconut Shell Coconut Shell Coconut Shell
Type Granular Granular Granular
Specific Surface Maximum 1600 Minimum 1100 Minimum 1100
Area (m?/g)
Application Liquid Phase Gas Phase Gas Phase
Adsorption Adsorption Adsorption
wind screen holder /— agir\i;:;d 87184 BAE= syringe pump (Orion,
! Sage Pump, Model M365)¢t heating band,
| —case FrelBog o]FolA ot A|DA FEAA dFF

;wind
screen
u—ﬁxing screen

Fig. 1. Design of Diffusive Sampler.
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Table 2. Amount of Activated Carbon by Particle Size

Type of Activated Carbon Amount of Activated Carbon

by Particle Size (mesh) (mg/Sampler)
20-30 400
30-35 400
40 - 80 350
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Table 3. Recovery of Organic Vapors Adsorbed in Korean-Made Activated Carbon by Particle Size of the Activated

Carbon
Manufacturer Particle Size, Concentration Recovery**, %
Mesh Level* Toluene Trichloroethylene n-Hexane
D Company 20- 30 Low 89.0 935 ' 97.6
Middle 94.2 96.9 100.6
High 944 96.7 98.1
Mean 92.5 95.7 98.8
sD 3.06 191 1.61
S Company 30-35 Low 944 I0lL.1 - 1079
Middle 99.7 1004 1079
High 97.3 101.3 104.8
Mean 97.1 100.9 106.9
SD 2.65 047 1.79
S Company 40 - 80 Low 91.7 97.0 ‘ 71.3
Middle 102.0 99.5 1109
High 103.1 1024 1149
Mean 98.9 99.6 . 99.0
SD 6.29 2,70 241
* Concentration Level:  Low = 10-20 ppm
Middle = 20 - 30 ppm
High =30-65ppm
Amount Measured, mg
#* Recovery, % = x 10

Amount Spiked (or Theoretical Value), mg

Table 4, Estimated Sampling Rate of the Korean Passive Samplers for n-Hexane by Particle

Size of the Activated Carbon*
Manufacturer Particle Size, Sampling Rate, mg/min
Mesh Mean RSD
D Co. 20-30 24.81 0.095
S Co. 30-35 29.77 0.042
S Co. 40- 80 25.80 0.098

* The n-hexane concentration in tested air was 85.6 ppm.
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Table 5. Amount Adsorbed to the Korean Passive
Sampler by Time and Material

Sampling Average Amount Adsorbed, mg
Time, Toluene  Trichloroethylene n-Hexane
min
{75 0.041 - 0.131
15 0.085 0.372 0.272
30 0.247 0.667 0.386
60 0.499 1.065 0.712
120 1.141 1.742 1.291
207 - 3.457 1.634
240 2.218 - -
336 - 7.047 3.154
360 3.341 - -
450 - - ) 4.230
480 4.688 10.806 -
557 - - 4.995
600 - 12.407 -
616 6.927 - -

Note : Airborne concentrations in tested air:
Toluene 68 - 87 ppm
Trichloroethylene 139 - 160 ppm

Table 6. Estimated Sampling Rate of the Korean Passive Samplers by Sampling Time and Material Tested

Material Sampling Amount Concentration Calculated
Time, Measured by Measured by SR*
min Sampler NIOSH Method ml/min
® mg (Q) mg/m(C)  ppm

Toluene 15 0.085 257.1 68.2 22.04

60 0.499 306.2 81.3 27.16

240 2.218 326.1 86.5 28.34

480 4.688 320.2 85.0 30.50

Trichloroethylene 15 0.372 859.9 160.0 28.84
60 1.065 749.3 139.4 23.69

210 3.457 782.4 145.6 21.04

480 10.806 837.1 155.8 26.89

n-Hexane 15 0.272 255:7 72.6 70.92
60 0.712 316.9 89.9 37.45

207 1.634 304.1 86.3 25.96

450 4.230 362.1 102.7 25.96

* SR = Sampling Rate = X 1,000,000
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Fig. 2. Amounts of organic vapors adsorbed to passive sampler by time.
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Table 7. Sampling Rate of Korean Passive Samplers by Material and Concentration Level

Material Concentration ~ Amount Concentration Calculated
Level, Measured by Measured by SR*,
Sampler, NIOSH Method, ml/min
g (Q) mg/n(C)  ppm
Toluene 1/2TLV 0.2201 84.84 22.5 21.62
1TLV 0.5703 167.60 445 28.37
2TLV 1.0347 315.53 83.7 2733
Trichloroethylene 122 TLV 0.2927 10751 . 200 22.69
; 1TLV 0.7420 215.58 40.1 28.68
d 2TLV 1.3489 411.02 76.5 27.35
n-Hexane 14{(2 TLV 0.2226 84.52 24.0 2195
1TLV + 0.5603 168.09 47.7 27.78
2TLV 1.0192 320.03 90.8 26.54
* SR = Sampling Rate = —2_ 1000000
©w
where sampling time t= 120 minutes
Table 8. Reverse Diffusion of Orgamc Vapors in the Korean Passive Samplers
Material Amount, mg Percent Loss
Tested Without With (A-BVA x 100
Exposure* Exposure**
GV (B)
Toiuene - 1.058 1.026 . 3.0
Trichlorcethylene w1382 1351 22
n-Hexane 1.043 1.026 1.6

* Without Exposure (A): Organic vapors were collected for two hours and immediately analyzed.

** With Exposure (B): Organic vapors were collected for two hours and the samplers were exposed to clean axr for

five hours to evaluate reverse diffusion.
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Table 9. Stability of Sampled Materials in the Korean Passive Sampiers by Temperatire and Time

Time, [tems Amount of Material, ng
Day Calculated Toluene Trichloroethylene n-Hexane
Room Refrig. Room Refrig. Room Refrig.

Day 0 Mean 0.9974 - 0.9974 - 0.7569 -

(A)* RSD- 0.061 - 0.061 - 0.052 -

Day 1 Mean 0.7231 0.6549 0.9365 0.8541 0.7142_ 0.6559
RSD 0.067 0.040 0.066 0.035 0.066 0.047
Bias** 0.275 0.343. 0.061 0.144 0.056 0.133
Accuracy***  40.9 423 19.3 - 214 18.8 227 _

Day 3 Mean 0.7063 0.7533 0.9273 . 09951 07114 0.7586
RSD 0.056 0.073 0.0048 0.067 0.052 0.074
Bias 0.292 0.245 0.070 0.002 0.060 0.002
Accuracy 404 301 16.6 13.6 164 15.0

Day 7 Mean 0.7371 0.6435 0.9670 0.8473 0.7300 0.6379
RSD 0.081 0.008 0.082 0.002 0.068 0.000
Bias 0.261 0.355 0.030 0.150 0.036 0.157
Accuracy 423 371 194 154 17.2 15.7

* Data on Day 1 were used as reference values (A).

I(Value Measured on Each Time) - Al
A

** Biag =

**% Accuracy = {Bias + 2(RSD)} x 100

Table 10, Performance of the Korean Passive Samplers by Sampling Direction

Material Amount Sampled, mg Percent Difference

Tested Facing Wind  Facing Down B/A x 100
(A) (B)

Toluene 0.5579 0.4834 86.8

Trichloroethylene 0.7275 0.6346 87.2

n-Hexane 0.4793 87.0

0.5507
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