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ABSTRACT

Volatile organic compound(VOC), ethylene gas, was characterized and quantified by
GC/FID. 20-50 ppb levels were detected during the growth stages of radish. SPME
could be a good analytical tool for the purpose. Low temperature trapping method
using dry ice/diethyl ether and liquid nitrogen bath was recommended for the sampling
process for GC/PID and GC/MS analysis.

115




ANALYSIS OF VOLATILE ORGANIC COMPOUNDS IN A CONTROLLED ENVIRONMENT:
ETHYLEN GAS MEASUREMENT STUDIES ON RADISH

Suk Bin Kong, Ph.D.
Associate Professor of Chemistry
University of the Incarnate Word
Raymond Wheeler, Ph.D.
Kennedy Space Center

1. INTRODUCTION

Volatile organic compound(VOC), ethylene gas, was characterized and quantified by
Gas Chromatograpny-Flame lonization Detector (GC/FID). Radish was grown in a controlled
environment. . Raising plants in a closed environment could be one of the challenges in
space. In such a system, the possibilities present for some VOCs to reach levels that could
lead to poor plant growth. Ethylene level of 20-50 ppb was detected during the growth stages

of radish. For all tests, the materials used for the experiment (e,g, vinyl tubing, plastic cups,
and epoxy resins) were not significant sources for ethylene but needed to be addressed.

Methods using GC/MS, GC/PID, GC/FID and SPME(solid phase microextraction) to
measure the VOCs have been studied from planting to harvest, under controlled

environmental atmosphere.
2. Experimental Methods
1). Planting the seeds.

Cherry Bell Radish was purchased from W. Atlee Burpee & Co., Warminster, PA. The radish
has a round shape, smoth, redi color, white flesh and ready 22 days after seeding to harvest.
It was recommended to sow in average stone-free soil in early to late spring and again in late
summer. In Deep South, Gulf and Pacific Coast areas, sow from fall to early spring. In rows
6" or more apart, sow seeds evenly and cover with ¥2” of fine soil. Firm lightly. Keep soil most.
Seedlings emerge in 7-10 days depending on soil and weather conditions. It thrives in cool
weather. Recommended to jake succe3ssive plantings every 2 weeks until late spring then
again a moth before frost.

six seeds were placed in a Oasis foam (medium growing foam) saturated with Hoggland's
solution in a 3x3 “ magenta (outside covered with black electrical masking tape) container.
There are 6 duplications and a control.
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2). Ethylene studies

The schedule for the experiement is as follow:
June 29".  Plant seed.
July 6" 1% thinning. 7 days after.
o, Dry weight check after 72 hours.
July 13" 2" thinning. 14 days after.
16™.  Dry weight check after 72 hours.

July 20", Harvest. 21 days after.
23", Dry weight check after 72 hours.

3. Method for Ethylene

In a Percival chamber, 3 radish jars were placed. The chamber is supplied with lights,
3000 ppm of Carbon dioxide gas. Humidity is controlled. The plants were transferred in a bell
jar every day for ethylene studies. The air samples were collected 1, 2, and 3 hours interval.
The plants were moved out of the bell jar after sampling. There was a control pot with the
same conditions without seed.

Ethylene gas sample was collected with syringe.

Gas chromatography-Flame lonization Detector(GC/FID) was used to measure the
emission rate. Gas chromatography-Mass Spectrometer (GC/MS), Gas chromatography-
Photoionization Detector (GC/PID) and Solid Phase Microextraction (SPME) sampling
techniques were also investigated.

Figure 1. Bell jar and cooling system inside of the growth chamber.
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Figure 2. Plant growth after 20 days.
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4. Results

Ethylene gas emission rate was measured with Gas Chromatography-Flame lonization
Detector (GC-FID).

Detectabie Limits = 3(Noise): signs/
. Noise = 0,058825
Detectable Limits (PPB) = 11.80
. . M
% 8D Ares

TR 7801 ] control 28.392 A 0.436
| TiRd 7501 -control . 11.506 0.191
71101 78101 1 hour 32,004 0.488
TH01 7/801 1 hour 21400 034
THION L] 2houn 1401 | 0229
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7101 7/8101 3 hours 29.832 0.457
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Result. Continued.

Detectable Limits = 3(Noise): signal

Noise = 0.058825
Detectable Limits (PPB) = 11.80
. ’ s Pesk
Analysis Date Sample Date Sample Flle Name Ethylene % 30 _.__Area
711801 7/40/01 conirol . 24622 1.99% 0.381
7/6/01 ~7/10/01 conirol I 23.888 0.370
7/1601 7/10/01 1 hour 27.021 0.00% 0418
T80 7/10/01 1 hour | 21.021 0418
TH&01 T/10/01 2 hours | 27.844 0.50% 0.428
THE01 7/10/01 2 hours + 21.638 0425
7/16001 7/10/01 3 hours | 34.831 1.88% 0.527
711601 7/10/01 3 hours 33.871 0.513
711601 7101 control 39202 | 0.00% 0.595
T1&N01 TH0% control 1929 0.585
T/18/01 7/4101 1 hour 48.354 081% 0.658
711801 71101 1 hour 45,942 0.692
| 1116%1 71101 2 hours 42.096 T 0.23% 0.638
11601 TR 2 hours . 42.240 0.638
7/1801 711101 3 hours 1 30.704 #OIV/OI 0.601
T/16/01 711101 3 hours <2.5% ‘
THTRA TH301 control 36.345 07T%| 0582
TAT7 713901 control 36.756 ' 0.558
TATIOA 71301 1 hour i 33.260 0.507
THTR01 7/13001 1 hour |_32.300 0483
IR 7301 2hous 38744 OAB%| 0587
TATOA 711301 2 hours 33,470 0.583
T 7/1301 3 hours 42.448 0.11% 0.641 -
TIATIOA 71301 3 hours 42377 0.840
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Figure 3. Calibration curve.
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5. Conclusions

1. Well Calibrated Photovac (GC/Photo lonization Detector) or GC equipped with Flame
lonization Detector (FID) could be more useful to detect ethylene gas in the chamber if
a longer GC column is used or temperature programmed.

2. Solid Phase Microextraction (SPME) applied to GC/MS will be an interesting sampling
device to try if quantification and calibration are not that time consuming. The present
gas sampling method needs to be improved.

3. Sample concentration process is recommended.

4. Trapping the gas in low temperature with diethyl dry ice bath and liquid nitrogen could
separate the ethylene gas from carbon dioxide and nitrogen. It can produce better
spectra minimizing the interferences resulting a good GC/PID and GC/MS resolution.

5. Further studies on this subject are necessary.
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