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Magnetism of Leaves of Azalea
— Characters and Correlation with the Environment ——

Naoko UENO™

Abstract

NRM (natural remanent magnetism) of leaves of azalea varies with the sampling point
from 2x10°(Am’/kg) to 83x10 °(Am°/kg), reflecting the declination of the geomagnetic
field of the earth. IRM (isothermal remanent magnetism) saturates at 250-300mT. SIRM
(saturated IRM) varies from 60x10°(Am®/kg) to 3400x10 °(Am’/kg). Susceptibility ranges
from 0.1x10°m*/kg to 26.9x10™° m®/kg. The largest NRM, SIRM and susceptibility are
acquired from the leaves near the platform of the railway station and the smallest are from
Matsumoto city in the snow season. NRM, SIRM and susceptibility from the crowded road
in Tokyo are higher than those from the suburbs. The reason of the high intensities is
considered as the enrichment of the magnetic dust in the air around the sampling site.
Leaves of azalea have cilia and are sticky to catch and keep and absorb the dust in the air.
The hysteresis analysis shows Jrs/Js varies from 0.2 to 0.3, Hc varies from 14 mT to 22
mT, and Her varies from 33 mT to 66 mT respectively. These hysteresis parameters
suggest that the main magnetic mineral is psudo-single domain magnetite. In X-ray
diffraction analysis of magnetic powder (attractive to magnets) under 180xm, Ankerite
(Ca(FeMg) (CO,),) is suggested as the Fe containing mineral with the low reliability. In
SEM-EDX analysis, particles containing Fe oxide, metallic Fe and Fe included in silicate
are identified qualitatively. In the Mssbauer effect analysis, magnetite could not be found
and B-FeO(OH) and y-FeO(OH) are suggested to the main magnetic minerals. Total Fe
content of natural leaves is 0.053% according to the wet chemical analysis, and is 0.13% of
the dried powder leaves.
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1. Introduction

Natural remanent magnetizm (NRM) of plants was studied on various kinds of
vegetables and leaves (Ueno, 1993), especially that of kiku (compositae) (Ueno, 1996).
These reports show that the NRM of kiku is strong and stable, and reflects the declination
of the geomagnetic field. After the reports, the author found that NRM of the leaves of the
azalea was stronger than kiku (Ueno, 1997).

Azalea is the most familiar roadside tree in Japan, and the leaves are with thin hair on
both sides of the surface and sticky when handled with fingers. In this report, results of
the experiments on leaves of azalea about initial susceptibility, alternated field (AF)
demagnetization of NRM, SIRM and orthogonal IRMs,hysteresis parameters, X-ray
diffraction analysis, SEM-EDX analysis, wet chemical analysis of Fe content, Mossbauer
effects analysis, and microscopic observations are reported.

2. Sample Preparation

Samples were collected mainly in Tokyo, from azales near railway stations, in the town
including the roadside and in the suburbs of Tokyo such as Asaka city, Hayama town and
Kurihama town. Besides Tokyo area, leaves were collected from Matsumoto city in the
central Japan and Kagoshima city in Kyushu (F; ig.1). Sample numbers (No.), classification,
locality and abbreviation of the sample are listed in Table.1.

For the rock magnetic experiments, leaves were collected of which direction of the
veins were directed nearly to the north of the geo-magnetic field. Piled leaves were cut to
fit the sample case as illustrated in Fig.2.

3. Experiment and results

In Fig.3, four examples of the results of NRM, SIRM and IRM measurements are
shown. Sample (No.5) shown in Fig.3-1 was collected from the railway station, No.14 in
Fig.3-2 was from near the rail, No.30 in Fig. 3-3 was from Kagoshima city and No.42 in
Fig.3-4 was collected from Matsumoto city.

(1) NRM: NRM was measured using SQUID at NIPR (National Institute for Polar
Research). Data varies from 2x10° Am®/kg to 83x10°° Am’/kg (Table.1). The largest
value was obtained from the leaves at the railway stations, while the lowest one was from
that in Matsumoto city situated at the countryside. Mean AF (alternating field)
demagnetization field (MDF, showing the half NRM) ranges from 35 mT to 40mT (Fig.3).
Zijderbelt diagram that shows the directional change during AF demagnetization is also
shown in Fig.3. Leaves from Kagoshima city collected soon after the ash fall of the
Sakurajima volcano are characterized by the small NRM and large SIRM.
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Maps of the sampling sites



102 Naoko UENO

sample No. site NRM SIRM X SIRM/X  SIRM/NRM $2En i A
(10°Am*kg) (10°Am%kg) (10°m*kg) (10%A./m)
® 1 Shinoakatsuka Stn 19.7 3401 26.9 126 684  THER
® 2 Shimoitabashi Stn 82.9 2743 15.9 173 331  THRER
& 3 Shimoitabashi Stn 37.3 2720 20.1 135 729  THRER
® 4 Shimoitabashi Stn 19.4 2130 126 169 109.8  TIRIBER
o 5 Harajuku Stn 18.1 2094 222 94 1157 RER
& 6 Harajuku Stn 5.6 548 6.6 83 979  RE\ER
® 7 Harajuku Stn 176 1550 20.2 77 881 FER
[ ) 8 Mitaka Stn 39.8 849 16.0 53 213 =R
@ 9 Shimoitabashi Rail 315 1616 21.1 77 51.3  TiRMmEEREEY]
@ 10 Near Narimasu Stn 21.1 1585 10.3 154 751 RMREY
@ 11 Near Narimasu Stn 16.7 1387 9.3 149 831  RLMEREEY)
() 12 Near Narimasu Stn 19.4 1280 115 111 66.0  FRMEREEY)
(=) 13 Near Tokumaru 15.1 665 5.5 121 44.0 EARERE
® 14 Near Akatsuka 126 440 2.7 163 349 IR
@ 15 Near Takatanobaba Stn 7.2 340 5.5 62 472  EEEBRE
[ ] 16 Near Shimoitabashi Stn 3.8 390 3.8 103 102.6  TiR#BERAT
® 17 Near Shimoitabashi Stn 9.1 351 48 73 384  TFRMEERE
[ ) 18 Near Shimoitabashi Stn 124 579 55 105 467 TFHHRERET
A 19 Hakusan Toyo 16.6 541 7.7 70 326  BIWF¥EKXH
A 20 Hakusan-ue 23.0 766 10.5 73 333 AWk
A 21 Hakusan-ue 34.4 1005 18.3 55 292 Btk
A 22 Itabashi-kuyakusyo-mae 14.2 653 12.4 53 46.0  IRBEGFHE
A 23 Yoyogi Park 3.1 172 2.0 86 555  HRAaKAE
A 24 Akatsuka Kawagoe-road 7.5 238 3.3 72 317  FIF)IREEH
A 25 Akatsuka Kawagoeroad 105 467 6.3 74 45  FENBEE
A 26 Akatsuka Kawagoe-road 9.4 315 3.2 98 335  FFEE
A 27 Akatsuka Kawagoe-road 7.0 143 35 41 204 FEFNREE
O 28 Kagoshima Univ 5.8 1371 5.0 272 2364 BERBX
a 29 Kagoshima Univ 4.7 1221 7.0 174 2598 HBREX
| 30  Kagoshima Univ 5.5 523 25 209 9.1 BREX
Gl 31 Matsubata town 6.8 1426 96 149 209.7  HAGRET
O 32 Matsubata town 5.9 1188 8.2 145 201.4  HARET
| 33 Nakagori Town 10.3 1300 8.1 160 1262 thERHr
O 34  Nakagori Town 12.2 1165 7.4 157 95.5  hERET
A 35 Asaka Toyo 12.6 451 5.3 85 358 HIBEEX
A 36 Asaka Toyo 5.8 325 45 72 56.0 EBEEX
A 37 Asaka Toyo 11.2 553 7.0 79 194 PEFEX
A 38 Hayama town 5.0 157 2.6 60 314 AT
A 39 Kurihama town 135 467 5.4 86 346 AEER
(@) 40  Matsumoto Castle 2.7 91 2.0 45 337 ki
O 41 Matsumoto City Office 1.8 80 0.9 89 4.4 BEEREF
O 42 Shinsyu Univ 1.9 57 1.9 30 300 fEMX
+ 43 Kagoshima Univ(wash) 5.5 903 75 120 1642  EEX(K¥ES)
=+ 44 Shimoitabashi Stn(wash)  13.3 741 6.6 112 557  TFIREBR(BER%S)
@® near the railway A crowded city [ Kagoshima
A Suburbs @] Matsumoto Others
Table 1.

Sample description and Intensity of NRM, SIRM, x
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Fig.2.
Procedures of the sample preparation and sampling site of No.2
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(2) SIRM and Susceptibility: Examples of AF demagnetization and Zijderbelt diagram
for the SIRM are shown in Fig.3. MDF of SIRM is about 30mT, almost the same as that of
NRM. As shown in Fig.4, the intensity of NRM is proportional to the intensity of SIRM.

Susceptibility measured by Birtington system ranges from 0.1x10°m*/kg to 26.9x10™®
m®/ kg.

SIRM intensity increases proportionally with initial susceptibility (x) as shown in Fig.5.
The ratio of SIRM to susceptibility ranges from 5kA/m to 20kA/m.

According to the previous report about susceptibility on roads, two peaks of susceptibility
were found in one lane (Ueno, 2002). In the additional researches to find the origin of the
high susceptibility, the exhaust dust from the vent of car was found to have the high
susceptibility (Nakai et al, 2005). Vent which is fixed near either one side of the tire,
scatters the dust with high susceptibility making two susceptibility peaks in one lane on
the road. At the same time, the vent scatters the dust to the air. Leaves of azalea with thin
hair on both side of the surface are sticky enough to collect the atmospheric dust. As the
result, attachment and absorption of exhaust dust from the vent of car increases initial
susceptibility of leaves of azalea in the crowded city where traffic jam is an every day
affair. High NRM and susceptibility near the rail station is considered as the same. Iron-
containing dust produced by friction between the rail and the wheel at the time when the
train stops, is scattered to the air and absorbed to the leaves. The varieties of intensity of
NRM and SIRM might reflect the amount and grain size assemblage of the magnetic
minerals in the atmospheric dust.

on
g
5 °
° B
E 3000 . .
= 2000 il
L e ©
£q,%
1000+ | i
L .D A
‘qn
e e S
NRM x10°Am?/kg
® Rail
A Tokyo
0 Kagoshima
4 Suburb
© Matsumoto )
+ Others(after wash or ultrasonic)
Fig.4.

Correlation of NRM with SIRM
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Correlation of SIRM with susceptibility

(3) IRM: IRM intensity increases proportionally with the applied maximum AF up to
about 150 mT, and saturated at about 250-300 mT as shown in Fig.3. AF demagnetization
was performed by a method modified from Lowrie test (Lowrie, 1990), in which three
components were acquired for 1.547T, 0,444T and 0,112T field intensity applied
orthogonally (Fig.6).

No.35 Asaka A

IRMO %2 3 1 B
NEM & 3L ff [RMO i Bt

IRM
1. 0 e

0 200 400 600 800

s0ft(0.112T), mediun(0. 444T), hard(1.547T)

Fig.6.
Modified Lowrie test
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(4) Hysteresis parameters: Typical examples of the hysteresis curves are shown in

Fig.7. One is from near the railway station (sample No.1), and the other is from the
suburbs (sample No.38). Fig.8 is the Day diagram, in which all of the three data fall in

pseudo single domain range of titano-magnetite.

No.1 Shimoakatsuka @

M-H data

No.38 Hayama A

M-H dat
Sample name : Shimoaka Tu Ll o 897/07/24
Test da 97/07/24 Sample name : Hayams Tu
H-full scale Coersted): 10000.00 Test date : 87/07/24
H-mult range : H-full seale foersted): 5000.00
Sweep speed tmin): 10.0 Homelt range :
Sk percent (x1: 90 Sweep speed (minl: 5.0
M-full scale Cemul: 0.0250 Sk percent (x1: 90
M-full scale Cemul: 0.0125
easy mode **3
Hu oersted): 1.0000E+04 -
He foerstedl: 2.2071E+02 Hu foersted): 5.0000E+03
M Temu): 1.7457E-02 He foersted]: 5.0002E402
Mr lemul: 3.9846E-03 o (emul: 3.3759E-03
Mr lemul: 2.2320E-04
e.
H:oersted
H:?T.A .01
mult: 1 H:cersted
M:emu
mult: 1
10000. 09
‘o0, \
—Sop.0p ; —Eade.C
-0.2250
-9.0149

Fig.7.

Examples of the hysteresis curves

S,
gk e 3 & B

(BO)CR/(BO)C (simplified after Day et al., 1977)

Jrs/Js He mT  Her mT
®No. 1 0.22 22 66
ANo.24 0.25 15 39
ANo.35 0.30 14 33

Fig.8.
Day diagram



Magnetism of Leaves of Azalea 111

(5) X-ray diffraction analysis and SEM-EDX (Scanning Electron Microscope-
Energy Dispersive X-ray Analyzer) analysis, and wet chemical analysis: They were
carried at RIKEN by Dr. S. Yabuki and Mr. Y. linuma. Sample No.2 was prepared for the
analysis.

(®)-1 Xeray diffraction analysis of total leaves after dried for one week at 60°C and
powdered (Fe=0.13%)was carried. Amorphous carbon is dominant. Compound of
Fe could not be found. Whewellite[C,Ca0,,H,0] and Polihalte[K,Ca,Mg(S0,),,
2H,0],which are familiar in plants are identified (Fig.9). Enrichment of magnetic
portion is required for the better analysis.

(5)-2 Xeray diffraction analysis of magnetic powder (attractive to magnet) was carried.
In Fig.10, result of the powder under 180xm is shown. New candidates of Fe-
compound are revealed. Matching result of Fig.10 is shown in Fig.11.Calcium
Iron Magnesium Carbonate [Ankerite (Ca(FeMg) (C0O,),)] becomes the
candidates. Calcium Magnesium Carbonate [Calcite Magnesian ((CaMg)CO,)]
is also found. Reliability of the matching is in Table 2. Reliability of matching for

the Ankerite is low.
E O 5 O (ZRBR#R)
Pk L ARhewi anf AorarmE: | RMBERE
ftiti
l:. 000 W JIL.MO 40. 000 50. 000
l I
[ ] 1 I lwul l[lllpll[l lll lll“l r[
o] 20- 231 Whewellite, syn *

97-04-09 16:06:06 Page : 1

Fig.9.
X-ray diffraction analysis of total leaves
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Fig.10.
X-ray diffraction analysis of magnetic portion
IYF - A—Hh— AR B4 20 LoXdasou AT
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5004 | Ca(FeMg)(CO03)2
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| IV T
[ T 1T
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N e g e e A i S e e i A e sz
10.0 200 300 40.0 50.0 60.0
20
Fig.11.

Matching result in X-ray diffraction analysis of magnetic portion
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(5)-3 Fe content by wet chemical analysis

Fe content of the dried powder is 0.13%, and of natural leaves is 0.053% (Table3)
(5)-4 Elemental analysis by SEM-EDX.

SEM-EDX analysis was carried for the particles in which Fe was included as the main
element. Examples are shown in Fig.12. Particles containing Fe oxide, metallic Fe and
Fe included in silicate are identified qualitatively. Aluminum-silicate, Magnesium-silicate
and organic elements are identified for the others.

(6) Mossbouer effects: Mosshauer effects analysis was carried for the same magnetic
sample as used for X-ray diffraction analysis ((5)-2) and SEM-EDX analysis ((5)-4), at
laboratory of Prof. H. Ino, Faculty of Engineering, Tokyo University. Fig. 13 is the result.
A-FeO(OH) and y-FeO(OH) are suggested to the main magnetic minerals from the
Doppler velocity. For comparison, compiled Doppler velocity of the magnetic mineral is
listed in Table 4 (copied from The Chemical Society of Japan, 1993).

RyF - A—h—: BRINEHEREE BRE: 02 LORSoL AT
BRWHOY A b
PDF No. {S#iE 329 ki€
A: 20-0231 18.26% Calcium Oxalate Hydrate / Whewellite, Syn (C2 Ca 04 . H2 O}
B: 33-1161 13.22% Silicon Oxide / Quartz, n | 2
C: 41-0586 3.193% Calcium Iron Magnesiui < \nkerite (Ca ( Fe Mg ) ( C 03 )2)
D: 43-0697 2.299% Calcium Magnesium Carbo A e e, Magnesian {(( Ca Mg )} C O3)
{EHUE TR ORI
B C D
=t 4 13.22 3.19 2.30
HWRE—HDO—BE: 13/67  1/61  6/67
(%) 15.40 10.45 8.96
WEC—) O—BE: 13/20 7/12  6/24
(%) : 65.00 58.33 25.00
E—Jf@n—%KE: 82.16 56.14 83.39
WD —HEK 6 93.57 93.89 96.77

HELETREO—HE.

100.00 100.00 100.00

Table 2.
Reliability of matches in X-ray diffraction analysis

Wet chemical analysis ( 6NHCL, ICP )
Fe content: dried ( Iweek at 60°C ) 0.13%
natural ( calculated ) 0.053%

Table 3.
Fe content by wet chemical analysis
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Typical examples in SEM-EDX analysis
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Mossbauer analysis
= 4
— 1 =
) I ]
(3]
U,
T - -
ie}
%) - )}
Re2)
7]
< 0.99r S
©
it L 4
=
3 " 4
0 98 N L L L | . L ) s
Doppler Velocity[mm/s]
IS(=5)  0.3640.01 mm/s
0S (=AEq) 0. 68+0.01 mn/s
Bn ¢
0.5140. 01 mm/s
Fig.13.
Mossbouer effect analysis
T 14158 H2D T Fe (bBWD A Z T T—r¢F5 f—5—
T g AE H T g AE H T d AE H
# S o | H S o | A kS e | H
K K |mms' {mms'| T " R K |mms™|{mms*| T ¥ " K |mms' |mms'| T
a-Fe zig | 0 33.0 || FeCls - 6 H:0 8 |+060 | 091 | 0 |[FesO 300 101
He |+o012 Ki[Fe(CN),) 13 |+004 0 453
HIRTLAN . EE 50 0 [[KilFelcN) 4] 28 [-0124] o0z80] o | ¥ FOOH 21| +035 3
FeF: 208 |+137 | 279 | 0 0.04 193 hie 504
42 | 148 | 285 | O |INg,(Fe(CNINO] |298 | 0258 |+1705] 0 ||° FeOOH :" HE L mae
FeCl 7 |+1097| 08%] 0 2HO 2 i
. -FeOOH i |+03 7
42 |*1083| L20| 040k (Reici0ds]  |%iE |+033 o |70 —ull et e .
FeCl, - 2 H,0 298 |+103 | 250 | 0
. = Fe(CO)s 80 |-009 | 257 | 0 |FeTion == |z | 0 1o
FeCl - 1 H:0 Eif | 1221] 298] 0 Jpoico), 80 |+005 | 013 | 0 He |+123 |+142 | 45
FeSO, iR [+1270] 2726] 0 +011 | 113 | 0 |[NiFeo. P P
42 389 18515 0w FiE | +053 | 237 |0 438
(Fe(H:0),JSO- H:0 | Zi |+1261 [+3217| 0 || 8 |+036 |—04 |507]/SrFe0s 298 [ +0.054 0
5 |+1391]+3384].0 He |+046 |+080 |544 He |[+0.146 331
FeFs 296.5 | +0.489 0 y-Fe:Os ig | +027 488 ~NE7ob s 195 0.90 240
42 0.044 618 ) { 041 499 4 091 | 240
FeCls £il | +0436 0 7 50.8 || B 195 020 | 1.89
42 [+0461| 0.04 445 55| ~E 7oL 12 | o024 | 22
Table 4.

Compiled Doppler velocity of magnetic minerals in Mossbouer effect
(copied from The Chemical Society of Japan,1993)
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(7) Microscopic observation:

(7)-1 Electric-microscopic observation was performed by Prof. J. Akai, Faculty of
Science, Niigata University. Magnetic powder (attractive to magnet) under 250
um after dried for one week at 60°C was used. As shown in Fig.14, magnetic
mineral could not be found in this study.

(7)-2 Microscopic observation after ashed by plasma inorganizer was carried assisted
by Ms. M. Shimizu at Natural Science Laboratory, Toyo University. Opaque
minerals of few micro-meter to 100 micro-meter could be seen as shown in
Fig.15.

Fig.14.

&
> oo Electric-microscopic observation

Fig.15.

Microscopic observation after ashed o o 1
IIIIHHII

54 m

‘||||;1||

{
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4. Discussions and conclusions

Intensities of NRM, SIRM and susceptibility are the highest near the railway station.
Also, they are larger in the center of Tokyo than in the suburbs. The reason of high
intensity near the railway station and in the center of Tokyo is as follows. Iron-containing
powder produced by friction between the rail and the wheel when the train stops, or iron-
containing powder discharged from the vent of cars, spreads to the air and attaches to the
leaves. Leaves of azalea have cilia and are sticky enough to catch and keep and absorb the
iron-containing powder in the air.

Natural remanent magnetism reflects the direction of the earth's magnetic field, which
suggests the quick orientation of magnetism has occurred after attachment of powder to
the leaves. This idea of quick orientation seems useful to consider the process of
acquisition of DRM (Detrial Remanent Magnetizm).

As to the magnetic mineral, rock magnetic experiments such as AC demagnetization
curves and hysteresis parameters suggest that the main magnetic mineral is psudo-single
domain magnetite. In X-ray diffraction analysis of magnetic powder (attractive to magnet)
under 180xm , Ankerite Ca(FeMg) (CO,), is suggested as the Fe containing compound
with the low reliability. In SEM-EDX analyses, particles of Fe oxide, metallic Fe and Fe
included in silicate are identified qualitatively. In the Mésshauer effect analysis, magnetite
could not be found and A-FeO(OH) and 7-FeO(OH) are suggested to the main magnetic

minerals.
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