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421 FEZE o] &3 WY

Ao dAdetds ddsta wAs AFH 2 FAs7] 9E
NIOSH Manual of Analytical Methods No. 15012] WHHol =3slo] A
S . HEZE o] 83 ABEAFHE HAZ(GilAir sampler, Gilan
Instrument Corp., U. S. A)oll A &#S A4S 010 ~ 0.16 Lpm
o] fEFom AMAF}ALH, Am AMFH AFol HFAFHFZFA(The
mini - BUCK Calibrator, A. P. BUCK, Inc., U. S. A)Z #F3& 24
A tE A8 & 0]33 e A (Crown guaranteed reagents, Yakuri Pure
Chemicals Co., LTD, Japan) 1ml%E ©ZA| AT &@23 A|lg= B3o]
23 HAE77F 2" sfa~aEetE a8 9 (Gas Chromatography -
Flame Ionization Detector (GC/FID), Model Agilent 6890N, Agilent
Technologies, U. S. A)& #4353t}
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Table 1. Analytical conditions of Benzene

Variable

Conditions

Gas Chromatography (GC)
Detector

Injector

Column

Carrier Gas

Flow Rate

Split Ratio

Injector Volume
Detector Temperature
Injector Temperature

Oven Temperature

Agilent 6890N, U. S. A
Flame Ionization Detector (FID)
Capillary Split Mode

Agilent HP-5, 5% Phenyl Methyl
Siloxane (30 m X 0.32 mm X 0.25 /m)

Nitrogen (Ny)
1.3 m¢/min
10 : 1

1 ub

200 C

250 C

60 T

422 PETH S o] &3l

PETH S o] &3t
I fjale] PETH S o] &3}

7% PETHY ¥
3} 2o,

L

4.2.3 3744

Hxeol PETH S o]&3te] AR WAl Fxo
7] 938 SPSS version 10.0 program< ©]

Jrth PETHOZ A2 AFHs = 4% &
ghele] 7hslth Almel B4l BEEA
s Aot

_11_



1. PETH 9] #Zds}

u] = 9] Akl ebd B A A (Occupational  Safety & Health
Administration, OSHA)o A= @2 WgES AFAA FFe] £ 5%
ol A MEste=s dusta Jut” PETHAA Zo] Y7t wj&
o] A& 15 mm, 20 mm, 3.0 mm, 4.0 mm, 45 mm= X435}
158 &t 7 Erith @S S o, 242k wiE el wet 5
43 PETH o= wHasle] 103] SA43 Ay vie+gol we 3
3l <Table 2~6>3 2t}

= o] M= 4843 ~ 50.39

: il 0. Hol Al = 1%7] vho] 8l
o owiEgel 20 mmY W] R eE 6147 ~ 66.82 cc/min®] 3
3, Wol= 0482 WolAg+ 9 1% 4= 3.0 mme o fFEFH S
+ 8842 ~ 93.18 CC/l’nil’IO]U%, SA4E Wole 0412 WolAlTE= 1%V
Trollon, wE ol 40 mmY We FEFRESE 9016 ~ 96.32
cc/minel ™, Wol= 044824 WolAlF= 1%W|Rtol Atk 18al 45
mme] WETFHAA fFE2 96.33 ~ 103.53 cc/min®| ™, Fol= 0.52
2 WolAlgE 1%v|Rte| At wiE gl wE AHFFY WHIlEe
OSHA® #Aists £ 5%WellA W&l

%
w:lo
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Figure 3. Flow rate of PET bottle outlet size 1.5 mm( ¢ ).
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Figure 4. Flow rate of PET bottle outlet size 2.0 mm( ¢ ).
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Figure 5. Flow rate of PET bottle outlet size 3.0 mm( ¢ ).
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Figure 6. Flow rate of PET bottle outlet size 4.0 mm( ¢ ).
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Figure 7. Flow rate of PET bottle outlet size 45 mm( ¢ ).

3.0
—&— Flow rate
254 —O— Flow rate of POo—
PET bottle outlet size / T
/
S 20+ 4
g 4
E /O— —_——— —o/
S 151 .
ks /
z /
& 1.0~ /
0.5 1 /}\%/}/E
0-0 T T T T T
1.5 2.0 3.0 4.0 4.5

PET bottle out size (mm,®)

Figure 8. Standard deviation of flow rate through each PET bottle

outlet size.
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Ao HIe} PETHS o] &3 A sA:UHS A7istr] 9
A ANFAEZ MAS A FEE mixing chamber®} test chamber

2 AAA 3 F sampling areadl A F A BAFHWHOZ FAd 7tz
Mol AlRE 1M 25 o2 sto] 15%7F S48kt oW, chamber
el SEE 194 C, 4% 50% *+ 2, %< 21 Lpm + 39 AHE &
Al 5k S

2 AT dAT FEE AxE AAdY FE+ 048 ppm *
0.03, 0.87 ppm £ 0.09, 1.87 ppm £ 0.21°]R o™, 7 Fxo sl 3L

9} PETH & o] &3sle] zF 12719 a8 o= 36719 /‘] £ AH A

Z oz A

A

H AT EELY] vEs <Table 7>3 ZTh

Table 7. Benzene concentrations by two sampling methods

Sampling No. of Range Mean SD

methods samples (ppm) (ppm)
PUMP 35 041 ~ 054 0.48 0.03
PET bottle 35 0.42 ~ 0.49 0.47 0.02
PUMP 35 057 ~ 1.05 0.87 0.09
PET bottle 35 0.76 ~ 1.02 0.84 0.06
PUMP 36 159 ~ 247 1.87 0.21
PET bottle 36 1.65 ~ 247 1.82 0.18
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Table 8. Benzene concentrations by two sampling methods at 0.5

ppm level
Group Serial Pump PET Bottle (E-U)/UX100 t-value
No. No. Method Method (%)* (p-value)
1 1 0.50 Failed -
2 0.51 0.47 7.8
3 0.48 0.47 -2.1 2.342
Mean 0.50 0.47 -5.0 (0.101)
SD 0.01 0.00 4.1
CV (%) 2.62 0.05
2 4 0.46 0.44 -4.3
5 0.45 0.47 4.4
6 0.46 0.49 6.5 -0.671
Mean 0.46 0.47 2.2 (0.539)
SD 0.01 0.02 5.8
CV (%) 2.16 5.30
3 7 0.48 0.44 -8.3
8 0.47 0.42 -10.6
9 0.41 0.43 4.9 1.032
Mean 0.45 0.43 -4.7 (0.360)
SD 0.04 0.01 8.4
CV (%) 8.95 2.21
4 10 0.50 0.43 -14.0
11 0.46 0.46 0.0
12 0.44 0.44 0.0 1.183
Mean 0.47 0.44 -4.7 (0.302)
SD 0.03 0.01 8.1
CV (%) 5.87 2.69
5 13 0.54 0.48 -11.1
14 0.46 0.45 -2.2
15 0.45 0.47 4.4 0.559
Mean 0.49 0.47 -2.9 (0.606)
SD 0.05 0.01 7.8
CV (%) 9.98 2.44
6 16 0.51 0.48 -59
17 0.47 0.48 2.1
18 0.50 0.49 -2.0 0.802
Mean 0.49 0.49 -19 (0.468)
SD 0.02 0.01 4.0
CV (%) 4.05 1.22
7 19 0.47 0.49 4.3
20 0.51 0.49 -39
21 0.48 0.48 0.0 0.000
Mean 0.49 0.49 0.1 (1.000)
SD 0.02 0.01 4.1
CV (%) 4.38 1.87
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Table 8. Continued (Benzene concentration by two sampling
methods at 0.5 ppm level)
Group Serial Pump PET Bottle (E-U)/UX100 t-value
No. No. Method Method (%)* (p-value)
8 22 0.51 0.46 -9.8
23 0.47 0.46 -2.1
24 0.47 0.46 -2.1 1.750
Mean 0.48 0.46 -4.7 (0.222)
SD 0.02 0.00 4.4
CV (%) 4.15 0.55
9 25 0.45 0.46 2.2
26 0.48 0.46 -4.2
27 0.46 0.45 -2.2 0.707
Mean 0.46 0.46 -14 (0.519)
SD 0.02 0.01 3.3
CV (%) 3.80 1.34
10 28 0.46 0.49 6.5
29 0.50 0.49 -2.0
30 0.51 0.49 -3.9 0.000
Mean 0.49 0.49 0.2 (1.000)
SD 0.02 0.00 5.6
CV (%) 4.79 0.39
11 31 0.47 0.45 -4.3
32 0.49 0.48 -2.0
33 0.47 0.46 -2.1 1.206
Mean 0.48 0.46 -2.8 (0.294)
SD 0.01 0.01 1.3
CV (%) 2.00 3.03
12 34 Failed 0.49 -
35 0.52 0.49 -5.8
36 0.50 0.47 -6.0 2.342
Mean 0.51 0.48 -59 (0.101)
SD 0.02 0.01 0.2
CV (%) 3.81 2.60
Total Mean 0.48 0.47 -2.5
SD 0.03 0.02 5.1
CV (%) 547 4.24

% E : PET bottle method, ppm
U : PUMP method, ppm
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20 A
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O T T T
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Benzene concentration, ppm

Figure 9. Normal distributions of benzene concentrations by two

sampling methods at 0.5 ppm level.

99 4 /

® PUMP method
v  PET bottle method

<L

70 A
50 4
30 4

Cumulative frequency, %

0.1 1

Benzene log—concentration, ppm

Figure 10. Log-normal distributions of benzene concentrations

measured by two sampling methods at 0.5 ppm level.
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Concentraton of PUMP method, ppm

0.50 A1

0.48 1

0.46 1

0.44 1

0.42 1
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0.5

2

Figure 11. Comparison of benzene concentrations between PUMP

method and PET bottle method at 05 ppm

(r’=0.574).
4
2 | H
0 u =
e U U U
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_8 T T T T T T T T T T T
2 4 5 6 7 8 9 10 11 12 total

Group No.

level

Figure 12. Differences of concentrations between PUMP method and

PET bottle method at 0.5 ppm level, D(%) = (E-U)/U X

100.
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Table 9. Benzene concentrations by two sampling methods at 1.0

ppm level
Group Serial Pump PET Bottle (E-U)/UX100 t-value
No. No. Method Method (%)* (p-value)
1 1 1.03 0.92 -10.7
2 0.93 1.02 9.7
3 1.05 0.90 -14.3 1.080
Mean 1.00 0.95 -5.1 (0.341)
SD 0.06 0.07 129
CV (%) 6.19 6.89
2 4 1.05 0.86 -18.1
5 0.94 0.91 -3.2
6 0.95 0.89 -6.3 2.456
Mean 0.98 0.89 -9.2 (0.070)
SD 0.06 0.02 7.9
CV (%) 6.45 2.58
3 7 0.98 0.84 -14.3
8 Failed 0.87 -
9 0.91 0.87 -4.4 2.335
Mean 0.95 0.86 -9.3 (0.22%)
SD 0.05 0.02 7.0
CV (%) 5.47 1.83
4 10 0.86 0.76 -11.6
11 0.80 0.77 -3.8
12 0.78 0.78 0.0 1.753
Mean 0.82 0.77 -5.1 (0.154)
SD 0.04 0.01 5.9
CV (%) 478 1.53
5 13 0.85 0.80 -5.9
14 0.83 0.82 -1.2
15 0.83 0.81 -2.4 3.024"
Mean 0.84 0.81 -3.2 (0.039)
SD 0.01 0.01 2.4
CV (%) 1.55 1.02
6 16 0.85 0.84 -1.2
17 0.87 0.87 0.0
18 0.87 0.84 -34 1.109
Mean 0.86 0.85 -15 (0.329)
SD 0.01 0.01 1.8
CV (%) 1.32 1.74
7 19 0.84 0.87 3.6
20 0.90 0.88 -2.2
21 0.87 0.85 -2.3 0171
Mean 0.87 0.87 -0.3 (0.872)
SD 0.03 0.01 34
CV (%) 3.27 1.43

_30_



Table 9. Continued (Benzene concentrations by two sampling
methods at 1.0 ppm level)
Group Serial Pump PET Bottle (E-U)/UX100 t-value
No. No. Method Method (%)* (p-value)
8 22 0.90 0.89 -1.1
23 0.97 0.92 -5.2
24 0.94 Failed - 1.113
Mean 0.94 0.91 31 (0.347)
SD 0.03 0.03 2.9
CV (%) 3.38 2.80
9 25 0.57 0.84 474
26 0.88 0.91 34
27 0.89 0.87 -2.2 -0.872
Mean 0.78 0.87 16.2 (0.469)
SD 0.18 0.03 27.2
CV (%) 23.62 3.88
10 28 0.82 0.77 -6.1
29 0.79 0.78 -1.3
30 0.80 0.80 0.0 1.604
Mean 0.80 0.78 25 (0.184)
SD 0.02 0.02 3.2
CV (%) 2.33 2.14
11 31 0.75 0.79 5.3
32 0.81 0.78 -3.7
33 0.83 0.83 0.0 -0.117
Mean 0.80 0.80 0.5 (0.912)
SD 0.04 0.02 45
CV (%) 5.13 3.10
12 34 0.76 0.79 39
35 0.81 0.79 -2.5
36 0.83 0.82 -1.2 0.000
Mean 0.80 0.80 0.1 (1.000)
SD 0.03 0.02 3.4
CV (%) 4.31 2.27
Total Mean 0.87 0.84 -1.6
SD 0.09 0.06 104
CV (%) 10.71 6.80

% E : PET bottle method, ppm
U : PUMP method, ppm
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Figure 13. Benzene concentrations by two sampling methods at 1.0

ppm level.
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Figure 15. Comparison of benzene concentrations between PUMP
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Figure 16. Differences of concentrations between PUMP method and
PET bottle method at 1.0 ppm level, D(%) = (E-U)/U X
100.
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Table 10. Benzene concentrations by two sampling methods at 2.0

ppm level
Group Serial Pump PET Bottle (E-U)/UX100 t-value
No. No. Method Method (%)* (p-value)
1 1 2.45 2.47 0.8
2 2.47 2.26 -85
3 2.18 2.00 -8.3 0.748
Mean 2.37 2.24 -5.3 (0.496)
SD 0.16 0.23 5.3
CV (%) 6.87 10.44
2 4 2.23 1.97 -11.7
5 1.98 2.02 2.0
6 1.98 1.91 -35 1.084
Mean 2.06 1.97 -4.4 (0.339)
SD 0.14 0.06 6.9
CV (%) 6.93 2.80
3 7 2.06 1.96 -4.9
8 2.18 2.07 -5.0
9 1.87 1.99 6.4 0.312
Mean 2.04 2.01 -1.2 (0.770)
SD 0.16 0.06 6.6
CV (%) 7.70 2.90
4 10 2.08 1.85 -11.1
11 1.87 1.90 16
12 1.87 1.84 -1.6 1.059
Mean 1.94 1.86 -3.7 (0.389)
SD 0.12 0.03 6.6
CV (%) 6.17 1.63
5 13 191 1.75 -8.4
14 1.82 1.79 -16
15 1.75 1.75 0.0 1.314
Mean 1.83 1.76 -3.3 (0.259)
SD 0.08 0.03 44
CV (%) 4.33 1.43
6 16 1.98 1.78 -10.1
17 1.79 1.77 -1.1
18 1.78 1.72 -34 1.379
Mean 1.85 1.76 -4.9 (0.240)
SD 0.11 0.03 4.7
CV (%) 5.97 1.87
7 19 1.86 1.66 -10.8
20 1.79 1.72 -39
21 1.79 1.71 -4.5 3.913°
Mean 1.81 1.70 -6.4 (0.017)
SD 0.04 0.03 3.8
CV (%) 2.13 1.92

_35_



Table 10. Continued (Benzene concentrations by

methods at 2.0 ppm level)

two sampling

Group Serial Pump PET Bottle (E-U)/UX100 t-value
No. No. Method Method (%)* (p-value)
8 22 1.66 1.65 -0.6
23 1.74 1.69 -29
24 1.67 1.67 0.0 0.722
Mean 1.69 1.67 -1.2 (0.510)
SD 0.04 0.02 15
CV (%) 2.53 1.29
9 25 1.59 1.74 9.4
26 1.84 1.76 -4.3
27 1.81 1.75 -3.3 -0.042
Mean 1.75 1.75 0.6 (0.970)
SD 0.14 0.01 7.7
CV (%) 8.01 0.73
10 28 1.65 1.70 3.0
29 1.77 1.75 -1.1
30 1.74 1.73 -0.6 -0.171
Mean 1.72 1.73 0.4 (0.872)
SD 0.06 0.02 2.3
CV (%) 3.63 1.41
11 31 1.71 1.66 -29
32 1.72 1.69 -1.7
33 1.71 1.68 -1.8 3.889°
Mean 1.71 1.68 -2.1 (0.018)
SD 0.00 0.02 0.7
CV (%) 0.14 1.04
12 34 1.68 1.70 1.2
35 1.77 1.73 -2.3
36 1.74 1.66 -4.6 1.000
Mean 1.73 1.70 -19 (0.374)
SD 0.04 0.04 29
CV (%) 2.56 2.33
Total Mean 1.87 1.82 -2.8
SD 0.21 0.18 4.6
CV (%) 11.30 9.93

% E : PET bottle method, ppm
U : PUMP method, ppm
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Figure 17. Benzene concentrations by two sampling methods at 2.0

ppm level.
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Figure 20. Differences of concentrations between PUMP method and
PET bottle method at 2.0 ppm level, D(%) = (E-U)/U X
100.
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ABSTRACT

Development of a Short-term Sampling
Method for Organic Vapors with a PET Bottle
to Replace the Sampling Pump

Ryu, Gwan Ho
Division of Industrial Hygiene Engineering
Graduate School of Occupational Safety and Health

Hansung University

Director

Park, Doo Yong, Dr.P.H., CIH

Passive samplers are convenient for STEL measurements. However,
they have a inherent Ilimitation due to low sampling flow rate.
Especially for low airborne concentrations such as benzene, small
amount of sampled organic vapors plays a limiting factor for GC
analysis. This limitation can be eliminated by use of sampling
pumps which flow rate is around 0.2 Lpm. However, sampling
pumps would be an another limitation for self-monitoring in

industries due to high cost and maintenance problem.

A PET bottle method was developed for charcoal sampling. It is
possible to take air samples for 15 minutes by withdrawing water

from the bottle like a spirometer.

A PET bottle sampler was evaluate the stability of flow rate for 15
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minutes. Also, measurement accuracy was evaluated with the

standard charcoal and sampling pump method in the chamber.

The results of this study were as follows:

1. Flow rates of PET bottle sampler were determined by water
drain hole size. Flow rates were evaluated for each drain hole size
of 1.5 mm, 20 mm, 3.0 mm, 40 mm, 45mm. Flow rates were

maintained within = 5% variation.

2. In general, it was shown good agreements between standard
charcoal-pump method and PET bottle sampler method for benzene
measurement at 0.5 ppm, 1.0 ppm, 2.0 ppm for 15 minutes(STEL).

T-test showed no difference for measurements results between two

methods.

3. Internal wvariation of measurement by PET bottle sampling

methods was smaller than that of standard charcoal method.
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Table 2. Flow rate of PET bottle outlet size 1.5 mm(@) (flow rate :

cc/min)

No. of Repeat 1 2 3 4 5 6 7 8 9 10 Total
Time (min)

0 4971 49.69 4794 4794 4815 4880 4930 49.28 4973  49.18
1 50.00 4994 4850 4819 4839 49.06 4955 4944 4994 4942
2 50.00 50.15 4831 4817 4827 4918 4965 4955 < 49.85 4944
3 4992 5015 4841 4833 4841 4914 4973 4967 50.08  49.36
4 50.23  50.19 4768 4833 4839 4910 4975 4981 50.06  49.38
5 50.08 50.15 4852 4817 4860 49.16 4983 < 50.02 50.25  49.77
6 50.29 5017 4843 4843 4866 4922  50.08 4992 50.21  49.44
7 50.34  50.44 4858 4817 4876 4924 4996 4990 5048  49.79
8 50.78  50.63 4864 4837 4886 4922 50.02 50.02 50.72  49.90
9 5059 5059 4892 4850 4888 4936  50.00 50.02 50.36  50.00
10 50.89  50.80 4894 4862 4898 4942 5029 50.13 50.42  50.06
11 50.74 5055 49.08 4866  49.02 4942 50.06 4992 5042 50.13
12 5065 5057 4886 4866 4884 4934  50.02 50.00 50.57  49.90
13 5048 50.68 4868 4876 4892 4938 50.17 50.04 50.55  50.10
14 5057 50.83 4880 4894  49.20 4957 5057  50.02 50.57  50.17
15 5057  50.70 4884 4854 4896 49.69 5046  50.25 5048 4990 Mean SD

Mean 50.37 5039 4857 4843 4871 4927 4997 4987 50.29 4975 4956 0.76
SD 0.35 0.33 0.37 0.26 0.31 0.21 0.33 0.26 0.29 0.32

CV (%) 0.69 0.66 0.76 0.55 0.63 0.43 0.66 0.53 0.57 0.65
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Table 3. Flow rate of PET bhottle outlet size 2.0 mm(@) (flow rate :

cc/min)

No. of Repeat 1 2 3 4 5 6 7 8 9 10 Total
Time (min)

1 6346 6659 6067 6116 60.79 6257 6227 6214 6214 6221
2 6459 6645 6116 6141 6098 6299 6263 6240 61.92 62.40
3 6486 66.63 61.04 6135 6094 6266 6306 6227 6250 62.47
4 65.15 6678 6091 6154 61.13 63.09 6306 6263 6260 6243
5 6532 6656 6098 6126 61.04 6289 6316 6279 6322 62.86
6 6532 6648 6141 6163 6119 6299 6303 6276 6373 62.86
7 65.08 66.67 6129 6192 6119 628 6322 63.06 6359 62.86
8 6540 6700 6157 6195 6135 6312 6309 6283 6369 6293
9 6550 6704 6166 6176 6126 6336 6336 6293 6376 6312
10 6547 6696 6154 6166 6189 6316 6329 628 6390 62.96
11 6561 6719 6135 6192 6195 6319 6380 6279 6383 63.09
12 6565 6749 6154 6205 618 6332 6332 6312 6395 6322
13 66.15 6708 6192 6208 6214 638 6356 6316 63.76 6299
14 66.33 6723 6195 6205 6198 6410 6369 6322 6424 63.32
15 66.04 6648 6198 6234 6202 6427 6417 6342 6421 6332
16 6568 6645 6253 6273 6192 6400 6376 6332 6393 6342 Mean SD

Mean 6535 6682 6147 6180 6148 6328 6328 6286 6344 6291 6327 1.69
SD 0.68 0.33 0.48 0.41 0.47 0.52 0.46 0.37 0.73 0.36

CV (%) 1.04 0.49 0.78 0.67 0.76 0.82 0.73 0.58 1.16 0.58
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Table 4. Flow rate of PET bhottle outlet size 3.0 mm(@) (flow rate :

cc/min)

No. of Repeat 1 2 3 4 5 6 7 8 9 10 Total
Time (min)

0 8778 8363 90.84 90.09 9050 9266 91.32 91.39 91.05 91.88
1 878 8330 91.60 9043 9036 9266 91.60 9091 9167 91.81
2 8856 8376  90.77 9050 90.23 93.02 9288 9132 9125 9174
3 8830 8356 91.12 90.02 90.70 9310 93.02 9098 9132 91.19
4 8798 8317 9016 90.29 90.16 9224 9295 9153 9210 91.81
5 8811 8317 9098 90.77 90.23 9317 9310 9153 91.74 91.39
6 8766 8798 91.05 8996 9043 9283 9382 91.05 91.19 9181
7 8856 8389 91.12 9084 90.09 9274 9339 9160 91.88 91.95
8 8850 8324 9091 91.12 9063 9368 9375 9132 91.32 9217
9 8889 8337 91.19 9050 8969 9339 9360 9160 91.74 92.17
10 89.49 8356 91.05 90.84 9098 9353 9353 91.32 9195 91.88
11 8889 8317 9043 9050 90.02 9397 9281 91.05 91.81 9210
12 83.04 8929 9139 90.09 9050 9375 9346 91.05 9217  91.88
13 8850 8882 9063 8975 90.29 9419 9382 91.19 9160 92.10
14 8395 8350 90.77 90.70 9043 9266 9360 91.19 9195 91.88
15 8863 8791 9023 9057 9036 9331 9397 91.05 91.88 91.81 Mean SD

Mean 8842 8346 90.89 9044 9035 9318 9316 9126 9167 91.85 9097 1.65
SD 0.50 0.37 0.39 0.38 0.30 0.54 0.76 0.23 0.34 0.26

CV (%) 0.56 0.41 0.43 0.42 0.33 0.58 0.81 0.25 0.37 0.28
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Table 5. Flow rate of PET bottle outlet size 4.0 mm(@) (flow rate :

cc/min)

No. of Repeat 1 2 3 4 5 6 7 8 9 10 Total
Time (min)

0 91.74 9057 9195 90.16 9181 9577 9516 9639 9217 95.85
1 91.74 9125 9310 9057 9181 9524 9509 9531 9036 96.15
2 9281  90.63 9210 9036 91.25 9577 9509 < 96.77 90.09 96.46
3 91.81 9146 9310 90.29 9224 9654 9516 9639 90.63 9592
4 9252 9146 9310 8969 9238 9562 9569 9554 9043  96.39
5 92.17 9043 9288 8962 9252 9639 9562 9654 9091  96.23
6 9238 9057 9310 8942 91.74 968 9547 9631 90.16 95.85
7 9274  90.77 9317 8989 9231 9701 9539 9670 90.29 9592
8 9295 9091 9324 90.02 9181 96.62 9547 958  90.70  95.77
9 92.02 9057 93.02 9050 9153 9677 9577 96.70 90.50  96.08
10 9195 9146 9266 9070 9231 96.00 9623 9639 9063 96.23
11 9210 9125 9281 90.16 9224 9615 9577 9670 89.89  96.08
12 91.12 9139 9245 9084 91.88 9717 9639 9585 9043  95.69
13 9224 9132 9310 9043 9231 968 96.00 96.77 9036 95.62
14 91.05 9139 9259 9036 9274 9654 9623 9685 9063 < 96.39
15 9224 90.84 9295 8955 9259 9585 9654 9662  90.09 96.00 Mean SD

Mean 9210  91.02 9283 90.16 92.09 9632 9569 9635 90.52 96.04 93.31 2.53
SD 0.54 0.39 0.39 0.43 0.41 0.56 0.47 0.47 0.51 0.26

CV (%) 0.59 0.43 0.41 0.47 0.45 0.59 0.50 0.49 0.57 0.27
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Table 6. Flow rate of PET bottle outlet size 4.5 mm(®) (Flow rate :

cc/min)

No. of Repeat 1 2 3 4 5 6 7 8 9 10 Total
Time (min)

0 9764  96.77 9934 9836 9893 102.74 10213 10292 101.78 102.04
1 9844 9654 9893  99.09 9893 10345 10327 10265 100.33 101.44
2 9812 9585 9942 9844 9740 10292 102.74 103.00 101.35 102.30
3 96.23 96.62 9942 9901 9732 10354 102.83 103.72 101.27 101.69
4 9812 9639 9959 9868 9844 10345 102.04 103.09 101.35 101.01
5 9885 9569 100.00 9959 9893 103.63 101.69 101.87 101.78 102.13
6 9788 9554 9860 9926  99.01 103.63 10318 103.18 101.95 102.30
7 9772 9701  99.67 9983 99.75 10354 10230 102.39 10152 101.61
8 99.26 9654 100.00 9844  98.12 10354 10248 103.27 101.27 100.84
9 9783 96.62 9950 99.34 9934 103.72 10213 10256 101.78 100.67
10 9772  96.77 9992  99.17 99.01 10354 10318 102.39 101.44 101.69
11 9812 96.08 9942 9885 99.09 102.65 10292 102.04 101.27 101.69
12 9820 9623 9877 9992 9868 10399 103.18 103.00 100.76 101.69
13 9860 9646 100.00 9812 9868 104.08 103.09 103.00 101.78 101.69
14 9772 9615  99.67 9959 9877 104.35 10221 102.39 102.83 102.30
15 9852  96.08 100.08 9992 9893 103.81 102.83 102.74 101.35 101.44 Mean SD

Mean 98.06 9633 9952 9910 9871 10353 10264 10276 101.49 101.66 100.38 2.37
SD 0.67 0.41 0.45 0.58 0.64 0.45 0.50 0.48 0.54 0.50

CV (%) 0.68 0.43 0.45 0.59 0.64 0.44 0.49 0.47 0.54 0.49

_52_



