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Summary

The aim of this research is to investigate the ability of common herbs to purify four
kinds of air pollutants, to study the effects of magnetic field direction on the capacity of
herbs to purify air pollutants, and to explore the correlation between essential oils volatilized
by herbs and ozone which 1s the main product of photochemical reaction.

Herbs plants were bought from the flower market, acclimatized for a period of time, and
used for uptake measurements. A transparent fumigation chamber with size of 21L, 1s
designed to measure the uptake rate of these herbs against 100ppb ozone, 300ppm acetone,
30ppm toluene, and 30ppm ammonia. Results showed that Blue Boy rosemary has the
greatest deposition velocity for absorbing ozone, acetone and toluene, Giant Lavender is also
good at absorbing the pollution of toluene, and stevia has the best ability to absorb ammonia.
However stevia 18 highly sensitive to ammonia. It will suffer and show injury symptoms,
making 1t difficult to uptake ammonia for a long time. After a collective screening and
comparison, Blue Boy rosemary, stevia, and Rose geranium are recommended as an adequate
plant set for uptaking all four toxic gases in office and house.

Round magnet with diameter of 1.2 cm, and magnetic field of 1000mT, were used for
studying the effects of magnetic field direction on the capacity of herbs to purify four kinds
of air pollutants. The transparent fumigation chamber is also used to measure the uptake rate
of ozone at 100ppb, acetone at 300ppm, toluene at 30ppm, and ammonia at 30ppm,
respectively. Results showed that generally the magnetic field direction can not significantly
affect the capacity of herbs to purify four kinds of air pollutants. Only stevia showed higher
uptake to ammonia at negative magnetic field and non magnetic field.

A transparent smog chamber with size of 90 x 90 x 180Cm was designed and setup for
studying the photochemical reaction related with herb essential oils. Out of seven herb

species, five herbs simply play the role as air-cleaner as they can absorb ozone and nitrogen



dioxide constantly in the smog chamber. However, when Blue Boy rosemary and Rose
geranium were beaten for 50 times by hand to make the essential oil release, the ozone
concentration bump up dramatically in the chamber. The reason is still unknown and need
more investigation in the future.

As different plants exhibited different capability to purify different air pollutants, we
recommend people to choose the appropriate herbs at different location, so that they can
clean the air more efficiently. Since stevia showed a high degree of sensitivity to ammonia,
it probably can be used as an indicator plant for ammonia pollution. When the herbs were
proven to induced photochemical reaction and raise the ozone concentration, we may expect
to partially harm the herbs, so that the ozone concentration is only beneficial for disinfecting.

Then the herbs can play both the roles of air cleaner and disinfectant in indoor areas.

Keywords: Herbs, ozone, acetone, toluene, ammonia, magnetic field, essential oil,

photochemical pollution
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Figure 1. The variation of annual means of ozone concentration in Taiwan from 2001 to 2010
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Figure 2. Blue Boy rosemary used 1n this study
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Figure 3. stevia used in this study
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Figure 4. Giant lavender used in this study
e 8
Figure 5. Sweet lavender used in this study
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Figure 6. Pineapple sage used in this study
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Figure 7. Rose geranium used in this study
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Figure &. Julia's Sweet Citrus mint used in this study
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Figure 9. shiso used in this study
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Figure 10. Transparent fumigation chamber used for gas uptake by herb plants
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Figure 11. Ozone generator used in this study
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Figure 12. U.V. photometric Os analyzer used in this study with model of Phillips K50110/00
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Figure 13. Fumigation chamber and gas generator using the constant evaporation apparatus
and blowing pump to connect
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Figure 14. The smog chamber used in this experiment with size of 90x90x180 Cm (I x w x h)
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Figure 15. NOx analyzer used in this study with model of Ecotech EC9841
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Figure 16. Uptake rates of ozone by six herb plants in a transparent fumigation chamber
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Figure 17. Uptake rates of acetone by six herb plants in a transparent fumigation chamber
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Figure 18. Uptake rates of toluene by six herb plants in a transparent fumigation chamber
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Figure 19. Uptake rates of ammonia by six herb plants in a transparent fumigation chamber
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Figure 20. The acute water-soaked symptoms of Pineapple sage after fumigation by 30ppm
ammonia for 1.5 minutes.
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Figure 21. The browning blotch symptoms of Pineapple sage after fumigated by 30ppm
ammonia for 1.5 minutes after 3 days
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Figure 22. The browning symptoms of Pineapple sage after fumigated by 30ppm ammonia
for 1.5 minutes after 3 days
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Figure 23. The acute water-soaked symptoms of stevia after fumigated by 30ppm ammonia
for 1.5 minutes
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Figure 24. The stevia leaves showed sever necrosis and curled after fumigation by 30ppm
ammonia for 1.5 minutes after 3 minutes
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Figure 25. The leaves of Pineapple sage showed sever necrosis and curled after fumigation

by 30ppm ammonia for 1.5 minutes after one day
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Figure 26. Uptake rates of ozone by Pineapple sage growing in 3-inch pots each with one
magnet in the bottom with S or N magnetic field toward the plant, an compared with control

without any magnet
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Figure 27. Uptake rates of ozone by Julia's Sweet citrus mint growing in 3-inch pots each
with one magnet in the bottom with S or N magnetic field toward the plant, an compared
with control without any magnet
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Figure 28. Uptake rates of ozone by Giant lavender growing in 3-inch pots each with one
magnet in the bottom with S or N magnetic field toward the plant, an compared with control
without any magnet
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Figure 29. Uptake rates of ozone by Rose geranium growing in 3-inch pots each with one
magnet in the bottom with S or N magnetic field toward the plant, an compared with control

without any magnet
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Figure 30. Uptake rates of ozone by stevia growing in 3-inch pots each with one magnet in

the bottom with S or N magnetic field toward the plant, an compared with control without

any magnet
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Figure 31. Uptake rates of ozone by Blue Boy rosemary growing in 3-inch pots each with
one magnet in the bottom with S or N magnetic field toward the plant, an compared with

control without any magnet
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Figure 32. Uptake rates of acetone by Pineapple sage growing in 3-inch pots each with one
magnet in the bottom with S or N magnetic field toward the plant, an compared with control

without any magnet
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Figure 33. Uptake rates of acetone by Julia's Sweet citrus mint growing in 3-inch pots each
with one magnet in the bottom with S or N magnetic field toward the plant, an compared
with control without any magnet
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Figure 34. Uptake rates of acetone by stevia growing in 3-inch pots each with one magnet in

the bottom with S or N magnetic field toward the plant, an compared with control without

any magnet
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Figure 35. Uptake rates of acetone by Blue Boy rosemary growing in 3-inch pots each with
one magnet 1n the bottom with S or N magnetic field toward the plant, an compared with
control without any magnet
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Figure 36. Uptake rates of acetone by Rose geranium growing in 3-inch pots each with one
magnet in the bottom with S or N magnetic field toward the plant, an compared with control
without any magnet

= BB PR B AR PR AR AT e e I e R
EEHRE ettt 46
Figure 37. Uptake rates of acetone by Giant lavender growing in 3-inch pots each with one
magnet in the bottom with S or N magnetic field toward the plant, an compared with control
without any magnet
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Figure 38. Uptake rates of toluene by Pineapple sage growing in 3-inch pots each with one
magnet in the bottom with S or N magnetic field toward the plant, an compared with control
without any magnet
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Figure 39. Uptake rates of toluene by Julia's Sweet citrus mint growing in 3-inch pots each
with one magnet in the bottom with S or N magnetic field toward the plant, an compared

with control without any magnet
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Figure 40. Uptake rates of toluene by Rose geranium growing in 3-inch pots each with one
magnet in the bottom with S or N magnetic field toward the plant, an compared with control
without any magnet
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Figure 41. Uptake rates of toluene by Giant lavender growing in 3-inch pots each with one
magnet in the bottom with S or N magnetic field toward the plant, an compared with control
without any magnet
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Figure 42. Uptake rates of toluene by stevia growing in 3-inch pots each with one magnet in

the bottom with S or N magnetic field toward the plant, an compared with control without

any magnet
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Figure 43. Uptake rates of toluene by Blue Boy rosemary growing in 3-inch pots each with
one magnet 1n the bottom with S or N magnetic field toward the plant, an compared with
control without any magnet
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Figure 44. Uptake rates of ammonia by Pineapple sage growing in 3-inch pots each with one
magnet in the bottom with S or N magnetic field toward the plant, an compared with control
without any magnet
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Figure 45. Uptake rates of ammonia by Julia's Sweet citrus mint growing in 3-inch pots each
with one magnet in the bottom with S or N magnetic field toward the plant, an compared
with control without any magnet
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Figure 46. Uptake rates of ammonia by stevia growing in 3-inch pots each with one magnet

in the bottom with S or N magnetic field toward the plant, an compared with control without

any magnet
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Figure 47. Uptake rates of ammonia by Blue Boy rosemary growing in 3-inch pots each with
one magnet 1n the bottom with S or N magnetic field toward the plant, an compared with

control without any magnet
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Figure 48. Uptake rates of ammonia by Rose geranium growing in 3-inch pots each with one
magnet in the bottom with S or N magnetic field toward the plant, an compared with control

without any magnet
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Figure 49. Uptake rates of ammonia by Giant lavender growing in 3-inch pots each with one

magnet in the bottom with S or N magnetic field toward the plant, an compared with control

without any magnet
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Figure 50. The change of temperature and relative humisity after adding 1ml isoprene into

the smog chamber
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Figure 51. The concentration change of Os and NO: after adding 1ml isoprene into the smog
chamber
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Figure 52. The change of temperature and relative humisity after placing 3 pots of shiso into
the smog chamber
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Figure 53. The concentration change of Os and NO: after placing 3 pots of shiso into the
smog chamber, as compared with blank control in empty chamber
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Figure 54. The concentration change of Os and NO: after placing 3 pots of shiso into the

smog chamber and beaten by hand for 50 times, as compared with blank control in empty

chamber
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Figure 55. The concentration change of Os and NO: after placing 3 pots of stevia into the
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smog chamber, as compared with blank control in empty chamber
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Figure 56. The concentration change of Os and NO: after placing 3 pots of beaten stevia into

the smog chamber and beaten by hand for 50 times, as compared with blank control in empty

chamber
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Figure 57. The concentration change of Os and NO: after placing 3 pots of Pineapple sage

nto the smog chamber, as compared with blank control in empty chamber
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Figure 58. The concentration change of Os and NO: after placing 3 pots of beaten Pineapple
sage 1nto the smog chamber and beaten by hand for 50 times, as compared with blank control

1n empty chamber
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Figure 59. The concentration change of Os and NO: after placing 3 pots of Sweet lavender
nto the smog chamber, as compared with blank control in empty chamber
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Figure 60. The concentration change of Os and NO: after placing 3 pots of beaten Sweet
lavender into the smog chamber and beaten by hand for 50 times, as compared with blank
control in empty chamber
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Figure 61. The concentration change of Os and NO: after placing 3 pots of Julia's Sweet
citrus mint into the smog chamber, as compared with blank control in empty chamber
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Figure 62. The concentration change of Os and NO: after placing 3 pots of beaten Julia's
Sweet citrus mint into the smog chamber and beaten by hand for 50 times, as compared with
blank control in empty chamber
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Figure 63. The concentration change of Os and NO: after placing 3 pots of Blue Boy
rosemary into the smog chamber, as compared with blank control in empty chamber
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Figure 64. The concentration change of Os and NO: after placing 3 pots of beaten Blue Boy
rosemary into the smog chamber and beaten by hand for 50 times, as compared with blank

control in empty chamber
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Figure 65. The concentration change of Os and NO: after placing 3 pots of Rose geranium

nto the smog chamber, as compared with blank control in empty chamber
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Figure 66. The concentration change of Os and NO: after placing 3 pots of beaten Rose
geranium 1nto the smog chamber and beaten by hand for 50 times, as compared with blank
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control in empty chamber
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Table 1. Uptake rates of ozone by six herb plants in a transparent fumigation chamber
A7 SRR [ 7 E AP A )
Table 2. Uptake rates of acetone by six herb plants in a transparent fumigation chamber
HZ T ERATRIREE PH ET ] EFPAIRES D TR o 24
Table 3. Uptake rates of toluene by six herb plants in a transparent fumigation chamber
F P TR AR 27 50 55 P B P RS VR s 26
Table 4. Uptake rates of ammonia by six herb plants in a transparent fumigation chamber
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Table 5. Uptake rates of ozone by six herb plants growing in 3-inch pots each with one
magnet in the bottom with S or N magnetic field toward the plant, as compared with blank
control
Ft R o § AR T A R RS VAo 40
Table 6. Uptake rates of acetone by six herb plants growing in 3-inch pots each with one
magnet in the bottom with S or N magnetic field toward the plant, as compared with blank
control
FE YA o I A S AR 1 A fE’Tﬁ BTN REHE V A s 48
Table 7. Uptake rates of toluene by six herb plants growing in 3-inch pots each with one
magnet in the bottom with S or N magnetic field toward the plant, as compared with blank
control
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Table 8. Uptake rates of ammonia by six herb plants growing in 3-inch pots each with one
magnet in the bottom with S or N magnetic field toward the plant, as compared with blank
control
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Figure 1. The variation of annual means of ozone concentration in Taiwan from 2001 to 2010
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Figure 2. Blue Boy rosemary used in this study Figure 3. stevia used in this study
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Figure 4. Giant lavender used in this study Figure 5. Sweet lavender used 1n this study

4ﬁ” E™ET (Sweet Lavender) i/['ﬁ%ﬁ'fr » B8 888 Lavendula x heterophylla

T[RRI BRI RS - [ SRR B A R

AN

WL A o p R IREER R B e TG 3T R R
8

A B IR FRBAR 1 TR B B ARG o TR EE - [RROp [P

A\



S/HEE=E (Pineapple Sage) Y[R+ - 5 €188 Salvia clegans

B PRI B S SRR R 1S S SRR » B RO
AP0 88 8 YT B TR T T SR R S -
[ HETRE ~ R YRR R L

IR SN R =] [ NS N

Figure 6. Pineapple sage used in this study Figure 7. Rose geranium used 1n this study
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Figure 8. Julia's Sweet Citrus mint used in this study Figure 9. shiso used in this study
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Figure 10. Transparent fumigation chamber used for gas uptake by herb plants
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used 1n this study
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Figure 12. U.V. photometric Os analyzer used in this study with model of Phillips K50110/00
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B P A FEERTR | B e (Smog chamber)

Figure 14. The smog chamber used in this experiment with size of 90x90x180 Cm (1 x w x h)
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Figure 15. NOx analyzer used in this study with model of Ecotech EC9841
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Table 1. Uptake rates of ozone by six herb plants in a transparent fumigation chamber

MRS 4 Tl B A
Plant species scientific name Vd(mm/s)* Leaf area(ch)
AT Salvia elegans 3.2510.22 3154

e J}jﬂﬁ‘?%ﬁ% Mentha sp. Julia's 2.3110.22 432.9
Sweet Citrus'
ﬁ’? £ Stevia rebaudiana 3.3110.29 170.6
el SR | Rosmarins officinalis 4.62+0.44 190.7
RS IRNEAE Pelargonium x 3.6710.23 234.1
asperum
ﬁ%{?ﬁﬁd = AE] Lavandula x allardii 3.21§0.33 313.8

< B TR T S e
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Figure 16. Uptake rates of ozone by six herb plants in a transparent fumigation chamber
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Table 2. Uptake rates of acetone by six herb plants in a transparent fumigation chamber

gt =t e -
Plant species scientific name Vd(mm/s)* Leaf area(cmZ)
AT Salvia elegans 0.0840.01 294.7
e J}jﬂﬁ‘?%ﬁ% Mentha sp. Julia's 0.0610.02 4433
Sweet Citrus'
ﬁ’?% Stevia rebaudiana 0.13%0.02 111.6
el dSE | Rosmarinus officinalis 0.2640.03 221.3
FRA T Pelargonium x 0.16%0.02 209.1
asperum
ﬁ%{?ﬁﬁd fviga Lavandula x allardii 0.1110.03 322.7

< B TR T S e
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Figure 17. Uptake rates of acetone by six herb plants in a transparent fumigation chamber
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Table 3. Uptake rates of toluene by six herb plants in a transparent fumigation chamber

MRS 4 Tl B A
Plant species scientific name Vd(mm/s)* Leaf area(ch)
AT Salvia elegans 0.200.02 311.7

e J}jﬂﬁ‘?%ﬁ% Mentha sp. 'Julia's 0.1310.02 425.3
Sweet Citrus'
ﬁ’? £ Stevia rebaudiana 0.3210.02 178.6
B iﬁﬁﬁ Rosmarinus officinalis 0.34%0.02 184.1
RS IRNEAE Pelargonium x 0.1940.01 286.3
asperum
ﬁ%{?ﬁﬁd = AE] Lavandula x allardii 0.3410.03 220.0

< B TR T S e
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Figure 18. Uptake rates of toluene by six herb plants in a transparent fumigation chamber
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Table 4. Uptake rates of ammonia by six herb plants in a transparent fumigation chamber

F R = ) 8
Plant species scientific name Vd(mm/s)* Leaf area(cmz)
R R Salvia elegans 0.6120.03 423.2

AH AR | Mentha sp. Tulia's 0.67£0.02 4572
Sweet Citrus'

F{“‘ 3 Stevia rebaudiana 2.01%0.14 149.3

-1.2310.21%*
el Sk fy | Rosmarinus officinalls 1.01£0.15 117.3
R Pelargonium x 1.64%0.12 205.4
asperum
B B A8 | Lavandula x allardsi 0.6410.13 305.6
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Figure 19. Uptake rates of ammonia by six herb plants in a transparent fumigation chamber
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=~ AR 81 30ppm 5450 7 A4
Figure 20. The acute water-soaked symptoms of Pineapple sage after fumigation by 30ppm

ammonia for 1.5 minutes.

W= - AT E15 30ppm S RE RS 1 SRS P
Figure 21. The browning blotch symptoms of Pineapple sage after fumigated by 30ppm

ammonia for 1.5 minutes after 3 days
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W= = BAEE T 30ppm SRR S [ R
Figure 22. The browning symptoms of Pineapple sage after fumigated by 30ppm ammonia

for 1.5 minutes after 3 days

q%.ﬁ" H4 = s “,”liby 30ppm %+ % B 3 i 4 4 =L }V‘Fﬁf#

Figure 23. The acute water-soaked symptoms of stevia after fumigated by 30ppm ammonia

for 1.5 minutes
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[~ A P~ 50T 30ppm Ut e dRE N RS 3 5T B B AR RS
‘I‘ﬁilﬁl o Figure 24. The stevia leaves showed sever necrosis and curled after fumigation by

30ppm ammonia for 1.5 minutes after 3 minutes

, 11.04.2011

Bl © Figure 25. The leaves of Pineapple sage showed sever necrosis and curled after

fumigation by 30ppm ammonia for 1.5 minutes after one day
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Table 5. Uptake rates of ozone by six herb plants growing in 3-inch pots each with one

magnet in the bottom with S or N magnetic field toward the plant, as compared with blank

control
TR p e g
Deposition velocity at different magnetic field direction(mm/s)*
P TR (S) FIRRH SRl
Plant species N direction S direction without magnet
B BT 3.2140.18 3.2120.24 3.25%0.22
Salvia elegans
KA fi- S 1.56%0.23 1.94%0.27 2.3110.22
Mentha sp. 'JTulia's
Sweet Citrus'
i 7 6.360.27 3.7720.31 3.3140.29
Stevia rebaudiana
i) iﬂiiﬁﬁ 3.6010.36 3.8110.31 4.62%0.44
Rosmarinus officinalis
HRA T 3.7120.34 4.2210.28 3.6710.23
Pelargonium x
asperum
rﬁvﬂi—ﬁFJ 2 ME 2.9410.21 2.55%0.32 3.2140.33
Lavandula x allardii
15 mean 3.56%0.26 3.25%0.29 3.40£0.29
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Figure 26. Uptake rates of ozone by Pineapple sage growing in 3-inch pots each with one

magnet in the bottom with S or N magnetic field toward the plant, an compared with control

without any magnet
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Figure 27. Uptake rates of ozone by Julia's Sweet citrus mint growing in 3-inch pots each
with one magnet in the bottom with S or N magnetic field toward the plant, an compared

with control without any magnet
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Figure 28. Uptake rates of ozone by Giant lavender growing in 3-inch pots each with one

magnet in the bottom with S or N magnetic field toward the plant, an compared with control

without any magnet
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Figure 29. Uptake rates of ozone by Rose geranium growing in 3-inch pots each with one

magnet in the bottom with S or N magnetic field toward the plant, an compared with control

without any magnet
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Figure 30. Uptake rates of ozone by stevia growing in 3-inch pots each with one magnet in
the bottom with S or N magnetic field toward the plant, an compared with control without

any magnet
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Figure 31. Uptake rates of ozone by Blue Boy rosemary growing in 3-inch pots each with

one magnet in the bottom with S or N magnetic field toward the plant, an compared with

control without any magnet
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Table 6. Uptake rates of acetone by six herb plants growing in 3-inch pots each with one

magnet in the bottom with S or N magnetic field toward the plant, as compared with blank

control
TR p e g
Deposition velocity at different magnetic field direction(mm/s)*
R TR (S) FriRH Sl
Plant species N direction S direction without magnet
B BT 0.08£0.01 0.11£0.03 0.08£0.01
Salvia elegans
KA fi- S 0.06£0.02 0.06+0.02 0.06£0.02
Mentha sp. JTulia's
Sweet Citrus'
i 7 0.1320.02 0.1120.01 0.130.02
Stevia rebaudiana
i) *ﬂiiﬁ 0.2610.03 0.3210.03 0.26%0.03
Rosmarinus officinalis
HRA T 0.1620.02 0.20£0.03 0.16%£0.02
Pelargonium x
asperum
rﬁvﬂi—ﬁ"ph 2 ME 0.1110.03 0.10£0.03 0.1120.03
Lavandula x allardii
15 mean 0.1310.02 0.15%0.03 0.13£0.02
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Figure 32. Uptake rates of acetone by Pineapple sage growing in 3-inch pots each with one

magnet in the bottom with S or N magnetic field toward the plant, an compared with control

without any magnet
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Figure 33. Uptake rates of acetone by Julia's Sweet citrus mint growing in 3-inch pots each
with one magnet in the bottom with S or N magnetic field toward the plant, an compared

with control without any magnet
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Figure 34. Uptake rates of acetone by stevia growing in 3-inch pots each with one magnet in

the bottom with S or N magnetic field toward the plant, an compared with control without

any magnet
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Figure 35. Uptake rates of acetone by Blue Boy rosemary growing in 3-inch pots each with
one magnet in the bottom with S or N magnetic field toward the plant, an compared with

control without any magnet

44



B K Z 255 R ER 2 vd(mm /s)

025

0.2

015

0.1

0.0%

) ﬁ- } + X,
g g
» ‘ e

i

& o

|
A= A SIS R T P IRRGH RA ST i 5 R  E
PR SR T T T S ) T S BRI
[l e Py 8 R BT 2 B (P= 0.05)

Figure 36. Uptake rates of acetone by Rose geranium growing in 3-inch pots each with one
magnet in the bottom with S or N magnetic field toward the plant, an compared with control

without any magnet
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Figure 37. Uptake rates of acetone by Giant lavender growing in 3-inch pots each with one
magnet in the bottom with S or N magnetic field toward the plant, an compared with control

without any magnet
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Table 7. Uptake rates of toluene by six herb plants growing in 3-inch pots each with one

magnet in the bottom with S or N magnetic field toward the plant, as compared with blank

control
TR p e g
Deposition velocity at different magnetic field direction(mm/s)*
R TR (S) FriRH Sl
Plant species N direction S direction without magnet
B BT 0.17£0.01 0.21£0.02 0.1920.02
Salvia elegans
KA fi- S 0.1120.02 0.11£0.01 0.13£0.02
Mentha sp. Julia's
Sweet Citrus’
i 7 0.6120.02 0.44%0.02 0.3240.02
Stevia rebaudiana
i) iﬂiiﬁﬁ 0.3210.01 0.3410.02 0.34%0.02
Rosmarinus officinalis
HRA T 0.17£0.01 0.13%0.01 0.1920.01
Pelargonium x
asperum
fﬁvﬂﬁ*ﬁﬁ& 2 ME 0.3110.01 0.3710.02 0.34%0.03
Lavandula x allardii
15 mean 0.2810.01 0.27£0.02 0.25£0.02
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Figure 38. Uptake rates of toluene by Pineapple sage growing in 3-inch pots each with one
magnet in the bottom with S or N magnetic field toward the plant, an compared with control

without any magnet

49



SRR A far i A (FEVd (mm/s)

016

.14

012

0.1

0.08

0.06 -
= RS S AT

Wdirmim)/sh

004 -

0.02 -

ﬁ‘%ﬂ' SR 2 R Y RS R R
g ﬁgﬁ@ VT SRS 0 S B R
U 53 20 5755 B (P 0,05) -

Figure 39. Uptake rates of toluene by Julia's Sweet citrus mint growing in 3-inch pots each
with one magnet in the bottom with S or N magnetic field toward the plant, an compared

with control without any magnet
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Figure 40. Uptake rates of toluene by Rose geranium growing in 3-inch pots each with one

magnet in the bottom with S or N magnetic field toward the plant, an compared with control

without any magnet
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Figure 41. Uptake rates of toluene by Giant lavender growing in 3-inch pots each with one

magnet in the bottom with S or N magnetic field toward the plant, an compared with control

without any magnet
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Figure 42. Uptake rates of toluene by stevia growing in 3-inch pots each with one magnet in
the bottom with S or N magnetic field toward the plant, an compared with control without

any magnet
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Figure 43. Uptake rates of toluene by Blue Boy rosemary growing in 3-inch pots each with
one magnet in the bottom with S or N magnetic field toward the plant, an compared with

control without any magnet
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Table 8. Uptake rates of ammonia by six herb plants growing in 3-inch pots each with one

magnet in the bottom with S or N magnetic field toward the plant, as compared with blank

control
TR p e g
Deposition velocity at different magnetic field direction(mm/s)*
R TR (S) FriRH Sl
Plant species N direction S direction without magnet
B BT 0.60£0.03 0.69£0.03 0.61£0.03
Salvia elegans
KA fi- S 0.6240.02 0.65%0.02 0.67%0.02
Mentha sp. 'Julia's
Sweet Citrus'
i 7 1.14%0.16 1.7530.11 2.010.14
Stevia rebaudiana
s Sussdg] 1.0240.11 0.9720.19 1.0120.15
Rosmarinus officinalis
AR 1.1320.10 1.3910.21 1.64%0.12
Pelargonium x
asperum
rﬁvﬂi—ﬁ"ph 2 ME 0.6610.02 0.6110.12 0.64%0.13
Lavandula x allardii
15 mean 0.86%0.07 1.00£0.11 1.10£0.10
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Figure 44. Uptake rates of ammonia by Pineapple sage growing in 3-inch pots each with one

magnet in the bottom with S or N magnetic field toward the plant, an compared with control

without any magnet
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Figure 45. Uptake rates of ammonia by Julia's Sweet citrus mint growing in 3-inch pots each
with one magnet in the bottom with S or N magnetic field toward the plant, an compared

with control without any magnet
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Figure 46. Uptake rates of ammonia by stevia growing in 3-inch pots each with one magnet

in the bottom with S or N magnetic field toward the plant, an compared with control without

any magnet
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Figure 47. Uptake rates of ammonia by Blue Boy rosemary growing in 3-inch pots each with

one magnet in the bottom with S or N magnetic field toward the plant, an compared with

control without any magnet
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Figure 48. Uptake rates of ammonia by Rose geranium growing in 3-inch pots each with one

magnet in the bottom with S or N magnetic field toward the plant, an compared with control

without any magnet
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Figure 49. Uptake rates of ammonia by Giant lavender growing in 3-inch pots each with one
magnet in the bottom with S or N magnetic field toward the plant, an compared with control

without any magnet
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Figure 50. The change of temperature and relative humisity after adding 1ml isoprene into

the smog chamber
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Figure 51. The concentration change of Os and NO: after adding 1ml isoprene into the smog

chamber
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Figure 52. The change of temperature and relative humisity after placing 3 pots of shiso into

the smog chamber
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Figure 54. The concentration change of Os and NO: after placing 3 pots of shiso into the
smog chamber and beaten by hand for 50 times, as compared with blank control in empty

chamber
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Figure 55. The concentration change of Os and NO: after placing 3 pots of stevia into the

smog chamber, as compared with blank control in empty chamber
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Figure 56. The concentration change of Os and NO: after placing 3 pots of beaten stevia into
the smog chamber and beaten by hand for 50 times, as compared with blank control in empty

chamber
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Figure 57. The concentration change of Os and NO: after placing 3 pots of Pineapple sage

nto the smog chamber, as compared with blank control in empty chamber
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Figure 59. The concentration change of Os and NO: after placing 3 pots of Sweet lavender

nto the smog chamber, as compared with blank control in empty chamber
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Figure 60. The concentration change of Os and NO: after placing 3 pots of beaten Sweet
lavender into the smog chamber and beaten by hand for 50 times, as compared with blank

control in empty chamber
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Figure 61. The concentration change of Os and NO: after placing 3 pots of Julia's Sweet

citrus mint into the smog chamber, as compared with blank control in empty chamber
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Figure 62. The concentration change of Os and NO: after placing 3 pots of beaten Julia's
Sweet citrus mint into the smog chamber and beaten by hand for 50 times, as compared with

blank control in empty chamber
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Figure 63. The concentration change of Os and NO: after placing 3 pots of Blue Boy

rosemary 1nto the smog chamber, as compared with blank control in empty chamber
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Figure 64. The concentration change of Os and NO: after placing 3 pots of beaten Blue Boy
rosemary into the smog chamber and beaten by hand for 50 times, as compared with blank

control in empty chamber
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Figure 65. The concentration change of Os and NO: after placing 3 pots of Rose geranium

nto the smog chamber, as compared with blank control in empty chamber
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Figure 66. The concentration change of Os and NO: after placing 3 pots of beaten Rose

geranium into the smog chamber and beaten by hand for 50 times, as compared with blank

control in empty chamber
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