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Biogeochemical studies on the absorption of fluorine by plants.
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Anyway we should count on the effect of co-
existing substances. Relation between fluorine
and other constituents of the plant has not been
found yet.

L, 7o R MRS L OBKR B 2EET
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ELTT NI =V LEREPARO—DIZTRETH D
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DEFROMHENER IR LT 5720 T, HERY
EDRBRZETITLTRATRETHD LEDI D2
Tbd b,
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BT 2 7 v BEO(FERE L AMHIERIL SRR L
2L DTH B,

l| l| 1 1 I I
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e P
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Concentration: ppm

Fig. 1. Distribution of the elements in plant leaves (n =50) collected from the same site.
* Plant samples were collected in The Kyoto Botanical Garden.
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Table 2. Chemical composition of tea leaves.

Concentration in ppm

F Al Mn Fe Zn Ca Mg P

0Old leaves (n =41) 1270 5820 4430 158 16 9860 1700 2400
Mature leaves (n= 9) 370 2610 1470 90 14 6130 2520 2300
Young leaves (n = 5) 170 560 1080 74 38 2000 1850 3800
g T, (n=9) 370 2610 1470 90 14 6130 2520 2300
E Ty (n=12) 1120 6550 1680 150 11 8890 2270 1820

&b
© Ts (n=9) 1290 5550 6760 150 19 12600 1750 4420
= Ty (n=20) 1360 5520 5030 166 18 9220 1340 1850
N Yabukita (n =10) 1170 5600 3280 139 11 9350 2170 2000
% Komakage (n =18) 1410 6480 5370 161 15 11220 1670 3080
};; Asahi (n= §) 1130 5010 4340 167 23 9120 1260 1670
Kyomidori (n = 5) 1200 5180 3470 172 20 7270 1600 1930

* Average of old leaves
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Table 3. Correlation coefficient (Tea leaves; n =55)
F Al Mn Fe Zn Ca Mg
P —0. 092 —0. 280% 0. 323* —0. 287* 0. 291* 0.171 0.122
Mg —0. 440%*  —0.228 —0.534*%*%  —0.351% —0. 249 —0.230
Ca 0. 844%* 0. 789%* 0. 801%* 0.626%*  —0.455%*
Zn —0. 312% —0.529%%  —0.104 —0. 298*
Fe 0. 811** 0. 799** 0. 284*
Mn 0. 736+ 0. 494%* * Significant at 5%
Al 0. 880%* ** Significant at 1%
rEZ LR, Tr=08l10kYic7 v 7 A= ARSI
ToF e AN T LT T =0.844, T v 3 - kR LREVCHEREBR NS, KRETHL TS
IoicFr, VX, FFUHHKEBETIHEEOMB
' ! ’ ' ' ¥, 7oFe 7A=Y ARET TH B, T
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e o Qs® © © ST
5 so0ol °° z F o B—kE, EEW, £, BRI, R
: ofzo// 0880 i LoV TR E B ICFAE 5 mm BLEO#S & 5 mm MU
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e RS 4ARITTR Lz,
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Fig. 2. Relationship between fluorine and alumi-
nium contents in tea leaves (1).
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Fig. 3. Relationship between fluorine and alumi-

nium contents in tea leaves (2).
* Ty~T, indicate the tea garden listed in

Table 1.
* (O : Yabukita, @ : Komakage,
/\ : Asahi, A : Kyomidori.
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Fig. 4. Distribution of the elements in various parts

of the tea plant.

* a: leaves. b : stems,
c : roots (diameter : >5mm),
d : roots (diameter : <5mm).
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Fig. 5. Distribution of the elements in leaves at different positions on the stem of the tea plant.

* Position of the leaf was counted from the top of the stem.
Leaf Position (a:lst~6th, b:7th~10th, c:11th~14th, d:15th~21st, e:22nd~ 26th)
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Table 4. Comparisons of the atomic ratio of fluorine to aluminium contents in tea leaves.

a) Difference of F/Al-ratio among varieties

Variety Yabukita Komakage Asahi Kyomidori
0. 47 0. 35 0.35 0.34
0.41 0.35 0.41 0. 40
F/Al-rati 0. 33 0.32 0.39 0. 30
ratio 0.39 0.30 0.37 0.31
0.34 0. 30 0.30

0.29

Average 0. 40 0.33 0. 36 0.33

b) Difference of F/Al-ratio among tea gardens
(Yabukita)

c) Difference of F/Al-ratio among tea gardens
(Komakage)

Tea garden T T, Ty Tea garden T, T, T,
0.22 0.29 0. 47 0.21 0.34 0.35
0.19 0.18 0. 41 0.31 0.35 0.35
. 0.17 0.22 0.33 . 0.25 0.41 0. 32
F/Al-ratio 0.21 0. 27 0.39 F/Al-ratio 0. 25 0. 40 0.30
0.15 0.21 0.24 0.35 0.34
0.21 0.19 0. 26 0. 37 0.29
Average 0.19 0.23 0. 40 Average 0. 25 0.37 0. 33

T O AEEME K V0. 01ME L 7 v ¥ LRI AT
7 v #EiX, FHERN tr.~1. 6ppm, tr.~3.6ppm T
7 v REICE L Thiv, bbb vy v AEHERIYE
7 v EOERDOE, MHKREELIZT vithA 4
BIREEBCER LB E0 7 v BERMITEEBER
DI0M LITFTH 54, Hitikic TISAB 2%+ 3
LERFIEREDO 7 v EXRHTE 2, 7 vk +
VIBRMEME, 7yt F) oFREOT v
HICORIGEELTTLDOTH S, - THHKR RO 7
v FEiX, 7 vf{eA A3 107 M LUF T, KEAMEdt
TR LEE LIEMEBTHEEL TV S LH#ES L,
T8 QAR FoREME T v FLHHER 07 v Ric
TVVIREETEEL T3 L0 L Bbh s,

2.2 YNFHEDER O TRETLIZILD
B
2.2.1 FAEFE
(1) ko
YRXBHEMIO O b, FEREO Y X (185), ¥
Forh 114, vH¥sx (Burya japonica, 2 f5),

N eV h ¥ (E emarginata, 2 &), % ¥ (Cleyera

ochnacea, 1343) B € v 27 (Ternstroemia japonica,
35 L, TRIER O Fv 3% (Stewartia pseudo-
1:5) ROk X3 %5 (S. monadelpha, 1
H) OSRB8MERRIL, ZORBMELERL 1z, R
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EFT2L0%, BEEBIZI975F12A » 51976421 A
3T, EEEBNII9764F 7 BICiRE L 720

TEMI AN T D R DERALBIA R ORFHTIZ, FUEHF
SERFREGEENR EHERE AR NicBET 3
AR, PR, TyarbRAllic, ERODOHE
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T2

(2) MWy OER LIEROFKR

B L ERRIC T om0 LT A=Y LOERIC
X, A ERVUVERRNEERL TR ) VIRREE 2 O
Al

2.2.2 #FEREIER

BREM OSSR RO VEHE L HES RITR LTze £
7286 RiTiX, YAXRUHF LI ORSEFEERD
FHBAMRE R R L 720
YNEBOYAX LYY o uiE, 7oLz
v ARERICEET S L L biT, AR OMHBIREK

Camellia,



1980

BEEEETT. ORI LEEL T TLONE S
2B, FrEORRE FE3R) LIETIAEEOME,
Ty TNMI=Y AR—HZTTH B, THhbLIE
BAfREIE, ¥ v 0.880 (n=55), ¥, 3% 0.669, ¥
V7 0.859 T, TRCHERE1ZKETEETH S,
Frdb YVAXRBIZBLEY, 7o9FE-71rI=0LAh
OB Y X BB/ ETHD v 2 B,

Y NXNTRIT B RRG DEALEIS A & LRI DA
EREEZNTNEORLE TR L, 7y#EE

WIEFEf Y _AXRES O 7 v FRINICE S 5 £ R RFSE 145

TNI=Y LADORFEF B LU, EABITIRIE
HMTEERERRL, EMJITREMOBVEEIC
B\ BHEMDT7 v TAI=T AEHFEMICIE
BB ASERSE L, F/Al {1213 —7E TIEHMHEO. 16,
LEMEI 4. 9% &t

VALYV o n 0D F/Al e+ 53 L, 7
HEW L b F/ALEOSBIIRE WA, EHETY A%
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Table 5. Chemical composition of the leaves of Theaceae (,3%#%})

Concentration in ppm

Species
F Al Mn Fe Zn Ca P Mg
Camellia sinensis, F % (n=12) 1120 6550 1680 150 11 8890 1820 2270
C. sasanqua, ¥¥F o H (n=11) 750 4940 1060 56 21 11880 1710 1360
C. japonica, N ¥ (n=18) 620 4560 1120 60 11 15620 1310 1710
Eurya japonica, v % h % (n=2) 300 4110 1160 101 14 13400 3350 1270
E. emarginata, <t ¥ H X (n=2) 340 3350 805 53 8 7950 1300 1020
Stewartia pseudo-Camellia, (o= 1) 98 5750 1200 142 16 25200 1510 3440
S. monadelpha, v 2 % 5 (n=1) 93 3570 232 133 13 13730 1990 2790
Cleyera ochnacea, ¥ % (n=13) 35 3250 480 32 15 15340 1430 3510
Ternstroemia japonica, _
Fo (n= 3) tr. 430 37 45 19 28760 3950 2620
Table 6. Correlation coefficient
a) Camellia japonica, > "% n =18
F Al Mn Fe Zn Ca Mg
P 0.164 —0. 058 0.196 0. 080 0. 327 0. 005 —0. 263
Mg —0. 087 0. 317 0.039 —0.339 —0. 552* 0. 086
Ca 0.108 0. 287 0. 281 0. 356 0. 263
Zn —0. 248 —0. 359 0.013 0. 475*
Fe —0.022 0.234 —0.071 . e .
Mn 0. 793 0. 466 S}ganTcant at 5%
Al 0. 669™* ** Significant at 1%
b) C. sasanqua, ¥ H n=11
F Al Mn Fe Zn Ca Mg
P —0.184 —0. 345 0. 703* —0.097 0. 662%* —0.128 0.191
Mg 0.115 —0.029 —0. 243 —0. 488 0. 396 —0. 470
Ca —0. 044 0. 297 0. 099 0. 487 —0.314
Zn -0.371 —0.611* 0.503 —0.054
Fe 0.134 0.145 0. 261 o
Mn —0.020 0. 988 * Significant at 5%

Al 0. 859**

** Significant at 1%
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Fig. 6. Distribution of the elements in various
parts of the plant (Camellia japonica).

* a: leaves, b : stems (diameter : >5mm),

c : stems (diameter : <5mm), d : roots.
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Fig. 7. Distribution of the elements in leaves at

(Camellia japonica).

different positions on the stem of the plant

* Position of the leaf was counted from the top of the stem.
Leaf Position (a:1st~9th, b:10th~13th, c:14th~18th, d:19th~24th)
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Fig. 8. Fluoride complexes of aluminium in equilibrium.
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Table 7. Chemical composition of the leaves of plants collected at various sites of the

fluoride-polluted area.

Direction Concentration in ppm
No. Plant and
distance F Al Mn Zn Fe Ca Mg P

1 Camellia japonica, > N % Okm 2500 6040 830 11.5 67.2 9360 2580 1110

2 Camcllia japonica, 7 X% 0 3400 11460 1270 11.5 62.7 11060 3730 840

3 Quercus mysinaefolia, > 5 13 0 30 200 670 30.9 143 6440 2410 1050

4 Pasania edulis, =533 A 0 53 540 770 30.0 98.6 8260 3750 710

5 Camellia japonica, 7 3% NE-0.5 1150 4350 1270 19.4 44.8 9240 2340 960

6 Ternstroemia japonica, & v =22 SW-1.25 tr. tr. 17 12.4 44. 8 5710 3050 1880

7 Camellia sasanqua, %> #H  SW-0.5 1030 3650 2130 22.1  67.2 8990 1350 1110

8 Camellia sasanqua, Y4+ F W-1.0 180 3100 450 16.8 98. 6 6440 2030 860

9 Camellia sinensis, F % NE-1.0 1430 6500 2530 20.3 161 8990 2650 1900
10 Camellia sasanqua, %4> 7%  NE-1.5 1280 6720 1470 15.0 71.7 6680 1920 890
11 Camellia japonica, X% NE-1.5 570 3260 1000 15.9 49.3 6930 2820 840
12  Camellia japonica, 7 X% NE-0.5 1830 5990 570  20.3 44.8 10570 2320 2290
13 Camellia sinensis, F + SW-0.75 4000 7130 2250 28.2 148 6440 3320 2130
14 Camellia sinensis, < x SW-3.0 590 2050 850 30.0 58. 2 6320 2960 1860
15 Ginkgo biloba, 4 F 3 U7 N-0.5 52 120 27 16.8 175 16040 3160 4730
16 Ginkgo biloba, £ F 3 7 N-0.5 59 160 10 12.4 278 16770 2860 4170
17 Camellia japonica, 7 /3% SW-1.75 440 1650 1330 15.0 35.8 7660 2410 1020
18 Camellia sasangua, % 5 SW-1.25 520 4680 950 11.5 85.1 6560 2180 840
19 Castanea crenata, 7Y SW-3.0 tr. 67 240  93.2 94.1 8020 2000 3690
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Table 8. Chemical composition of the leaves of Theaceae collected at various sites of the

fluoride-polluted area. (n =13)

Concentration in ppm

F Al Mn Zn Fe Ca Mg P
Average 1460 4810 1300 18.3 76.5 8100 2490 1280
Maximum 4000 11460 2530 30.0 161 11060 3730 2290
Minimum 180 1650 450 1.5 35.8 6320 1350 840
Median 1150 4350 1270 16.8 67.2 7660 2340 1020
non_éiﬁfﬁigf of & 669 4700 1100 14.8 58.5 14200 1580 1460
* collected at the Kyoto Botanical Garden.
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Fig. 9. Variation of F/Al ratio of plant leaves with
the distance from the pollution source.
* Plant samples were collected at various
sites northeast (NE) and northwest (NW)
of the pollution source.
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Table 9. Chemical composition of the leaves of Staphyleaceae (33 £Fh)
Concentration in ppm
Species
F Al Mn  Fe Zn Ca Mg P
Euscaphis japonica =2 XA (n=8) 299 258 33 60 10 17200 2040 3400
Staphylea Bumalda "7 v ¥ (n=3) tr. 124 39 131 20 19800 4300 6710
Turpinia ternata 33 v/ % (n=1) tr. 13 63 54 84 12100 4140 1360
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Table 10. Properties of the soils collected at various sites of the fluoride-polluted area.

Soil No. M Carbon CEC  Exch. Base (me/1008) Total-F So(%lgrlrf)—i/[ (nllD é?f(l)l(; g)
H,0 N-KCl (%) (ﬁlf)/g) Ca Mg K Na (ppm) H,0 OC;CIZ Total Ca-form
1 6.1 4.7 2.0 14.7 7.6 2.1 0.24 0.14 300 15. 8 14.0 296 16.5
2 6.2 5.0 31 18.1 10.6 2.1 0.22 0.12 340 24.7 18.0 356 53.1
3 6.0 4.7 2.3 20.0 9.9 1.9 0.51 0.20 330 12.5 11.5 547 40.6
4 5.3 4.1 2.8 16.3 6.1 1.6 0.46 0.11 250 9.9 28.0 256  22.5
5 6.2 5.3 2.0 18.7 15.9 1.0 0.44 0.07 340 26.7 15.0 574 78.2
6 6.8 6.0 2.7 19.6 16.7 3.3 0.34 0.59 410 38.6 17.3 660 217
7 5.2 4.0 3.6 27.1 8.8 1.0 1.78 0.13 380 12.9 22.7 1200 235
8 4.8 3.9 1.6 17.6 89 0.4 0.7% 0.07 210 5.3 19.3 537 42.9

* No. 1~4 : Paddy field soil, No. 5~8 : Upland field soil.

Fig. 10.
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»N
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Effect of shaking time on
the extraction of water solu-
ble fluorine.
* Soil : solution ratio=1 : 50
* Temperature : 10°C

L

0

Fig. 11.

20 30 %0
Temperature :°C

Effect of temperature on the
extraction of water soluble

fluorine.

* Soil : solution ratio=1 : 50

* Shaking time : 60 min
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Fig. 12. Effect of soil : solution ratio on the ex- . ey . .
traction of water soluble fluorine. Sy vy 7 WEIRE INANC LT, FRITEROR)
* Shaking time : 90 min TEEIND 7 v FEe DEOELI v T ZEIRATE
* Temperature : 10°C 7 v FEEEQRLLTF CaCl-F LEREET %o
/
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Fig. 13. Effect of CaCl, concentration on the extraction of CaCl, soluble soil fluorine.
* A-Value — fluorine _soluble in s_alt solution (ppm)
fluorine soluble in water (ppm)
* Ty~T, and No. 1~No. 8 in the figure indicate the soil number listed in Table 1
and Table 10 respectively.
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Fig. 14, Relationship between A-value at 1071 M
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Fig. 16. Relationship between aluminium and
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Fig. 17. Effect of coexistence of A1(OH); on the
solubility of CaF,.
A) Concentration of fluorine dissolved
from CaF,.
B) Concentration of fluorine dissolved
from CaF, in the presence of AlI(OH)s,.
C) Concentration of aluminium dissolved
from Al1(OH)a.
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Fig. 19. Effect of salt concentration on the extraction of soil fluorine.
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Fig. 20. Effect of salt concentration on the solu-
bility of hydroxyfluorapatite and calcium
fluoride.
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Fig. 21. Relationship between phosphate of Ca-
form and water soluble fluorine.
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Table 11. Composition of water culture solution

Component Sy S,
Calcium nitrate 0.60g 0.60g
Ammonium sulfate 0.48 0.48
Potassium sulfate 2.23 2.23
Magnesium sulfate 0. 88 0.88
Potassium phosphate, monobasic 0.50 0
Iron ammonium citrate 0.03 0
Water 2.5 liter 2.5 liter

S, : for preparatory culture,

S; : for absorption experiment.
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Table 12. Fluorine and aluminium absorption by tea plants (Experiment A)

Concentration in

medium, ppm  Dry weight Concentration in ppm F/Al
Al F of leaves Al F Mn Ca Mg P concentration ratio
a 0 0 640mg 121 tr. 81 800 1580 3660 —
a, 40 0 610 242 tr. 77 800 1640 3660 —
as 0 20 510 7 520 77 1280 1560 4170 —
g 40 20 590 465 230 91 1120 1410 3660 0. 495
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Table 13. Fluorine and aluminium absorption by tea plants (Experiment B)

Concentration in

medium, ppm  Dry weight

Concentration in ppm

F/Al

Al o of leaves Al F Mn Ca Mg P concentration ratio
b 0 0 510mg 85 tr. 58 520 2080 3870 —
! 500 96  tr. 52 480 2160 3910 —
470 179 tr. 45 600 2180 3880 —
b, 40 0
570 179 tr. 52 600 2120 3910 —
b 0 ” 340 116 350 52 440 1860 4140 —
’ 360 92 193 36 370 1860 4190 —
" 10 20 450 220 78 45 500 1950 3970 0. 355
! 580 281 118 52 740 2160 3680 0. 420
bs 40 30 500 272 208 42 640 2210 4050 0. 765
490 196 195 52 570 2230 3950 0. 995
be 40 40
580 205 220 55 550 2160 3990 1.07
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F/Al (Medium)

Fig. 22. Relationship between F/Al ratio of tea

leaves and that of water culture medium.

* The line in the figure is the line of
the perfect correlation.

* F/Al ratio : concentration ratio

£ r L ! N '
gla F & 20 w0 0 80 100% §
2 a
gl = I oose) &
51 0 EH W 0077 ¢ ¢
3 j S
2w 40 flIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIINN 0w |
At AF AlF; AlF;

Fig. 23. Existing state of fluorine and aluminium
in water culture solution.

DEEEERIRICE > TERY, 7 v EOUBENRS
WKIE Y ABY 2380 L AR, RSN 5 E3
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FlI—RHE T 38 I BRI  — B LIcfEER R L 1€
2T, ZuvRETAI=Y LOKESVPEET HEY
BB F/AL 13, #BHEARTEL ORI LIz7 v R T
NI=UAOREKERML TS ERETIENTE
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ZZT7 oy FHREHIRO X 512, HRE» O O
LHMIC X o THBHOFRANE 7 vy REVEILL T
B LEZLNIHIRICAETT S Y S XRHEME R,
o F/AL L 7 v FEYe & OBEMEZ A L TR
Z OFEFRIER O F/AL 3B OB TEL
CBVERTTE L LIC, o7y BB e R IRE
FRiEME L b—B L, BYRE K TR S THLRH DBER
Bt > TIE T3 2 BARED bl

5.2 TBAROFEMT v ROFEME

BRI T v FE - TAI =y MEROEERRET
5L UAXFHERIO 7 v BEEIRSHNCTMR T X I,
ZZTRICEEFICT v« T =0 AERIETE
TEPEPEWET LTz, RIFNIEMH~DREMHEL S
ED, HHEOKESHEERTICAA LAY v
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FENERNGLE L, #HEL L TRTL LTHIEI A
v 2 (CaCly) Z4EA L7z,

TEORGM 7 v FHOMBIZ 1072~10"1M OEEED
CaCl, R 2R L7235f, CaCl, BRIKFIvAYE 7 v 57
& (CaCl,-F) 3-k3 pH LEHEECHEMRL, 13 pH
BRI LT DB, A7 v FEE<CaCl,-F o
BfRERT L & bic, 188 pH MRz & CaCl,-F o
N3 202338 bhic, £z CaCl, Hbicix, 7

v#EL LT, Catic ko TA A V5 MliE 577
LEZONDZTBOTHEMETAI =Y ABEBHL, B
H7 =983 CaCl,-F L HAM Lz,

oDz kY pHS UFotLEmEbhcl, 7o
B7AI=0L S LT AIFZ? 2 AlFY X 5k
ToFEeTNAI=TLGEEK (A4 2) O TISHRE L

Soil fluorine

Hydroxyapatite
Ca,,(PO,)¢(OH),

Isomorphous
substitution

Moo

Hydroxyfluorapatite
Ca(PO,) F.(OH), (22

L/Ammx

Dissolution

r\9OH
v

A13+

\l/

Soil solution

AlF3-» (n—l«—(,)

Absorption A3+, AlF?*, AlF;

LTHFEL, Carickd A # 28kt o iRyl
LTLE5bDEHEE LT

—7, RIEMET v FOMEIC 1071~10"3M OREE O
CaCl, #[FH L725& (Zois Ca?t BENMEKL 7
NI =T AOTHHRBERDE), BBV 1072~
1071M CaCly o34 T4 148 pH 2395 L EOH AT
i3, A7 v FER>CaCl,-FoRGE RL Cat iz k
517 v FHOBHEIMEILEBD b, L TZOH
& TEOTEME 7 v EN Ca (bLEMDOIE CHEET
Llcd, O Ca?t OIGEA A v RICE > T
Ml ENZ7-»E#E L. FZTIDT7 v EELEST
Ca {LEHOFEEHLNICT 720, FROHEER
Wiz 42 157 » ROBEMEEHERINLT, pHS
U botgEgcix, Aty v FE3EL LT Fry
It u T E AL b Cap(POyeF: (OH) . (x <2)
DR THEETT S L EH LT L,
PLEOFERY O TEOREM 7 v Fix, 188 pH A%
SLUFTIREL LT AIFY 2 AR, 07 v#FE . 7L
I=vLgEARL LT, kB poH B5ETiIREL
LTk ReXvoatur7 x4 FOBETEEL,
+38 pH O LI L CTHEIBERLT 2 b0 &
HEE Ll

Fluorine accumulator
plant.

Accumulation of

. fluorine and aluminium

Leaves

A3+, AlFz*, AlF}
|

Stems

T

Complexation
™> F/p;-ratio
Fluor;gre1 Als*
F- >
(<1078 AlF2*
AlF}

N\ —

Roots

Fig. 24. Absorption of fluorine by plants and behavior of soluble fluorine in soils.
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5.3 T7yREREMCLZ TR - TLI=IL
SE DRI

Ty FREBEHICI DT vFE - TAI =Y LD
RIS FIRE T H 5 AR & KBFEBRIC X » THRET L 7z
EEIT I FIFEAI0 H~408 0 F » GiEm R E Fv,
WHERDOIEMZT7T VI =Y 4 40ppm, 7 v 3 20~
40ppm % Eie B TIOAMAET SO LR OK
INEE JIE Lo

ToRETNAI=V LAOKET M TEFTSE
BA, FrdEMZ 7 v FRETANI=T LR EDIRE
KL, MR L727 vFEL T A= LAOBEHITEM
HDT7 vHBETAI=TLDEERLE—F Lz, ¥z
TyFEE TNI=T L O RERBBTE, ToED
K4y (9% VL) X7 A I=w b LEEEFRLT
AlF?%, AlF," OFSRET AP LIFEL TV 52 L2 H
BT Lz,

Iz EhrbF v SiEWE, AlFY, AlF, 07
YR TNI=Y AEHEDFETTY v RERINT S &
EbiT, MR L7 vFEE T NI =7 AORE IR
o 2o BELE —XT5 Z b, AP
AR, AlF,* O&(LFERE & B o5 mEIE I lf
LTHRIZ LT 5 LHEE Lizo

—F, TAI=ULAREEET 7 v BREMTHEE
THEWPL L, FrPHEDLT v FRNERL, 7
At A F- OB TE 7 v FRRINE TR T Z L3
AObhie, LaLI@Epcl, tRcks7yFED
WERT VI =T L LDORIEDD, 7 vFENE7 vk
WA A& OB THEE CHFET S Li3EZILK,
FrDOTHEIOLDO T v FBRIITBTT vk A 4
D TORINDOEFEZIZ LA LR LD LHEERL .

DL DfE & B4 L T 2URICR L,
* .53

X 1) RS TR, RPOREL & BREEE
WIRMRE L 1 %, AHORER, F—RcalbiziR
BT 5z CREMEHE— Uiz, ERESHEIR
WCBATEDIR, 7y ERIERZ—BELEFETI LN
HMLNTWDEND THBH22:2 7o #n EEIIC
BIBETERT S AoV TIR, BI1EO/EEMDL D
Ao PIcER B,

F2) HEMERSOEREIC ST T v FEE
HE1430ppmD F ¥ FEREZ VT 1) HEORVIRL
BEERMLLLZS, ZEFEE34% (n=5)
PR Ulce EBVROTBE X, 200ml T 7 v FED99

H32%5

U EEEN LT, 1) By iR UBER, L8R
7T 0.86% (Fe) ~5.16% (Zn) (n=4) O#HM%
™ Lico TER B OBEAR Y KIGENTHmML Tk
¥ T FRINENRER 1296. 2~100% T & - 2o

¥ 3) TISAB: Total ionic strength adjustment
buffer OWg, 1 FizEEEE114ml, 3E{LF R U 7 A 116¢g
7T MY T A0.68 B ER, KEBRLF YT L
TYEWD pH 5.5 L 724 02D, EoREED 7
v HEEBEEL T v (WA A T 2R S 5,

* 4) BOWENY &L T\ % #FEY 0 XS
FHRE, kOBY ThB, (BfEixppm) Al 550,
Ca 18000, F 0.5, Fe 140, Mg 3200, Mn 630, P
2300, Zn 160,

F5) B (HR) FEATBORE LEbhAHE
WEREBEFE L TwieZ b, KRBTy (A BIENREH L
B3 B0OREYR Dz LM LHIRERRICA
FL, KESICX TR ICKRETE AVIERSD
BAZHEE L,

E6) FYDRBIZOVTE, Fy¥E, YARBOZ
FD oA, BER Y AXBIAEIA TV 3,

7)) 7yFEIX ABY Dz, Be?t, Cr3, Fedt
In%*, Sc3*, Sn#, Thtt, TiO%, UO2*, Zrt %4
EREERERT A7, LirL, chbrHEotis
POFERBRUBEBEL VO ArbELXLD L, Zhb
TFRD 7 v FEEEBTBPICTFET SRR v,
¥7z, 7 vFix BFy, BF,OH-, SiFe™ 2FmRT 5
23, SiFe? BARLETHB L, BFy, BF,OH™ (354
ERMET TR URIRE TR 7 v RIRER2 Y
BVHALMIEETET, zhbofdkstEmEdicrs
TETHZLIBELEHC, R, 7oF - 7ArI=vLn
SHEADTFET SFRMESPHEENTIED LV 2 5,

E8) 7TAI=T AOMASEE, T v {LKEEEDE
REDRIRIER L Tz, pH4~ 6 OFFAET,
Zh b RIEDRIRISIEE ®A1(0H), @FH) X 2L T
ﬂ—‘-‘-a-lfa')o

E9) BAROWERIZHEZ BRI VG LT,
g, B.A.KOBDA ¥ [VHETEOMETHE =
27 v REHRFT (1959) Tdh %,

FE10) B ofRE 1 R © (FIIBEFRT 5
LEZ DAREARRL v, L LRI IC BB 7 188
FBICOHmBTHRCVIRY, BRITED 7 v HARRSE
My EEonEE 7 v FELEARY, ThEt
Hiz (F) B 5 LZXTOHLRERTIRANS I,

F1D) FELUI9764E121E, BERBETHEO 7 v #ER
FHEB ORBICXY 7 v RIZI3 HEIRI LT

7238,
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F12) BTROYAXFHEY (£ 27 <) 13
BDZ vHEETNI =T AEFEMICIE 1=0.734 0
AE (12K OMBEERIMLL, Z0fFag0 7
yREBENLTALI=T AL OB TERT & L
PR Ehs, ih, 7oFBEltEo FIi3—
BBz LTy X3 FTRER B, FTED
VAXFWEM T o FE T AI =T AL EERICT v
e > ORI L, ZDi= F/AL fEREEL
RT XY o ZEZITV,

F13) WA L AT LT B 2R L 723
39 FPHL L7223 0 HEEIC o\ T 1 Hio FEEICRE -
THa 7 v 38, K7 v RO 0.01M CaCly, 3R]
BT o BOEREIT oo 87 v #iT, RKAME 420
ppm~¥#/MA 50ppm, i 301ppm #RL7-HS, —
IO 7 v FER RO & el U TR 72
REFED ohisnofc, KEMY v X, BKES. 3
ppm~&/MHEO. 59ppm, F-¥1. 9ppm#%E, 0. 01M CaCl,
B FIEYE 7 v 3T, BeKfE 2. Tppm~EuIME 0. 25
ppm, ﬁﬁO%mm§?Lto:n6®ﬁi#ﬁm
MR FATH 1R LT 5 LRy iEmIic
v, %@*@f&UOMMC%b%&TW&7V
RPTEO 7 v FEROBIZEICRD LV WG L b—
Bllze LL, ThdOREME L BRED D O
& ORNIC AR s BhE IR b s oz, ThiZE
METHLMC Lizk i, zhbo MEESTE
pH DREEZMIZFZ2-bLELLND,

E14) HEPFRENE, 19764F 8 HIC AR AEIE T
Bl Lz, 7vHRLLIRZTAI=Y LEFREER
L7chs, BHEMOEROT VI = AEHERE, BT
O 7 v 2 =7 L4 /R 550ppm? LY LIEfET
H ol

FE1S) Rt 5 B 8, Ty BHEREE L
DRI R R S Y, AR T o BEME  EBRICER
REREBELCEA L B, 7oRELRBHESY
FRE U 7o HOIR & A, 55 1 38 4 S atEi oS
ELEILTH %,

X16) VoY U USEEREELT, FICZOER
TiX 1 mm AT O 4% 43R L 7,

&n)&:yﬁfbuvA%@&”'W@?pH

WAL 1.0M 7= U MY Y A BIR. 7 v
$®¢%&%%f57w\~vAEvz#/7fé@
B TISAB iIZl~_TREVvy

18) LATFASUHR U114 CR3 1o pH 3,
pH (H,0;1:5) & pH (N-KCI; 1:5) D#MEY
ETTFRY,

F19) @A A LRIRIC & BRI L RO

B2V, FxX, HLER AgCl ioxtd 24k A 4
v CIm o, ClIm ofRIBEET ©ik AgCl opEfE%:
mElL, Cl REEEEIzi 5 L AgCly, AgCl® %o
TIVAMESE R R TURL L C AgCl DM (TET 5, B
28T HRORPENE T v BOKIES Cao(POy)eF -
(OH)g-: EHEESH B, Cag(POpeF:(OH), . I
Ca? HEH L CRIAMIEZ BT 2 2 L i3 & 2 8,
$¥20) 5L, 7 o EHE R EROBERERRL
Tro ZETHEOEREZMZ 5 LHEEAKREIZ » =0.95L
5

F21) fizxiE, No.7 HEEDEE, HBIsKiRLE
o, Al opEitiER, FERHEOK2/HEEFRLT
Wb, BN ERESBHOFER (Al 40ppm, F20ppm %
BUOBRNOREELF ) »oEHT 5L, No.7 £
EogE, Himhic ABY, AIF?Y, AR, OFEFEN
FHEEN D,

F22) FEBR - TGS CaFy, 2L, 2o 0.30g
&R Al (OH)s 0.25g 1, pH3.5~5.60 (0.2
Mpfg-0. 2M FegR > b U o7 &) FEMER 25ml &Nz,
FETFTTIREEELEZOLERL, FEO Al LF
RO pH 2MIFE Lo Fix, CaF; »oyEfELT Ca
BRI TIE T A R TER L

¥23) #5458 1.00g 1< pH 3.5~5.6 @ (0.2M
BERg-0. 2M FEER b U U ) AREE 50ml 20k, =
BT C2BHRE Lo biF@L, Fikfo Al F
RO pH & HIE L/,

F24) R T O 7 v FER( A RTEERE)
CRAETHIHERORE : 7 = U b U v AREIR
DEFBEEE 0.20M L+ 25 1 BiERFER)OBE
WOt - 12 E, 7 w4 F L EEE 1. Oppm DRIFEIT
%F LT CaCl,, KCl, NaCl, NH,Clog&E&icizbin
<k%wﬁW@%Eifiqum,Mﬂm,&dz
DEBBITT 10 MOBE E TORFR 7 v EOTER
%%%Ltmoho;htmbﬁﬁf,7w\ﬁﬁA

B b 10ppm FCORIERX T v FED
EEEFHE Lo

¥25) FNESE 1 HoBEIC/EE, Ba?, Sr¥,
Mg? ST AENMET T2 000, FLICHHT
57 v FEAD Ba kG, Srité&Ys, Mg bads
BEINDZLIZhD, LELZ Y LRI, R
%ZibL, FEHTREVEIZEDbR S,

A26) 2ffih FA DA, AEOERT »EYE
P BaF, FMFERT Ksp=1.0x10"51", MgF,(Ksp
=6.5x10"917, SrF, (Ksp=2.5x10"1)1D o Apkic
BERTZzEebELORS, ULEALKsp LEDFF
DRy AMEDKTIEL & 3 A S A bRk,
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¥/ Ksp SEE S shiEEo T F- i, ERMER
HRTEV 2oz XY, 7 oo rhBAER
BABDOBETORRELEZ D Z LIIRETH 5,

¥27) ZOMWEX, Ba?, St Bk Fuxy 7,94
A bOREREEYETS Z L Catt LREER
TEDZLIZHELTVS, ez St 280K
#wh T,

Cayo(POy) 6 (OH) » +nSr2*e2Cayg-nStn (POy) 6 (OH),
+nCa?* (0<nZ10)
DREVBBZDLEZLN TS,

28) 7 v {tMA A BRI 33A T, KER(LA
A AR 1. 40A LERIL TV B,

F29) 1ffid 74 b WA 2 RL, W
K+ X v Nat o FnkE v, Nat oA F284% 0. 95A
P Ca?t oA 4 212 0.98A 2L, £ Fuxy 7.9
ZA4 Fo Cazt 8 Nat BHiEhdzeRabhTe
2%, ZOZ b Lk F4 v OFRMEINES 2 M
FF v EFRCEIVBRRKEORBE L BELX D LN T
x5,

3¥30) Sr2t, K*iz X% CaF, D¥REEE, BoOA
AUBED LR LA A L DOERKETIZ 8FAT 2 CaF,
DYEFEEDEMEEZE 2 BN 5,

3D AP oERIcE - T, E ey 7atuy
NEARNE, ToFBE e TAI=TAEREARLTE
BT DA 7t v 7% A R BENCRS .

TNFuFT a4 MO :

Cay (POy) 6F2e210Ca2* + 6PO 3~ + 2F - (1)

Ksp=1(7120-86 29)

THEMRT S F- 8 AP LRISELT:

F-+AB+*eAlR2* By =108"1 (2)
2L, 7yFE-TAI=ULfEKELTE, F- &
DY B AR OREEZXDZ LT 5. &
7o, P~ERERMIRT POS 13 HPOs, Thaz L
5o

POS +2H*@H,PO,~  Ka=10719+6 (3)
(1), (@), B)Kz2pETBL AB OEAT 27140
TREA NOEBEISERD L D CRDTZENTE
%,

Cayo (POL) oF, ([EIFH) +2A13* +12H*

210Ca? +6H,PO4~ 4 2A1F2+ (4)

WO EREKL T2 L ¢

g (CaZt]!0 [H,PO, [ AIF?+)2

[A13+]2[H+JIZ
=KspsKabe,2=108-%

i, WROBIEHREF~BITT D2 LTFREH
%

32

7233, H,PO, +AB+*&AIH,PO2* Kb=103 2 (5)

BEZLNBH, (2), B)R»6
AIH,PO2*+F-2AlF2* + H,PO,~ (6)

EBx, TOVEERK 2RDB L,
K'=B,Kb==1031

L2y, AlF? OAERBSTRE LS,

ERKuxs 7,824 o Ksp 2% 1071372 = 5
NAe 7B NDEREREDRCZ v, kg
DHERMNE FrXL 74t a7 %4 MZOWTHAR
STBZENELLND,

#32) REEMA RN VR Q%HBE~vFra=
7 WKEEIR) K THI 450 fEIe AR U CER L,

#33) 7 v ik oLBEE LT 5 HF OFEHE Q

(%) 13, Q=100(H*)/(H*)+Ka TERIEHETZ 3,
Z = C Ka it HF OFSMREETESC Ka £ LT107314 17
V3L pH4 T Q=12 pH5.7 T Q=0 k5,
7% pH 5.7 F/KHFEFRB D by 0L pH TH 5,

F34) 7 bW A A BRI TR 0 JIE BREE AL
3, 1~107°M TH %, Li LEZOFERRERIC XL,
0.1ppm (5.2x107°°M) PLECRLE LLLELRE
REBMAENES LS 0. 1ppm DUF T & IC i 2
EZL, FEELE, #toT (F) ORIEREF0. 038,
0.077ppm DEFEEIXE V. 7 =T LADOREE 40
ppmZEEsn L L, ERBRDOERENL 7 v HOLEE L
WELTHBE, 25.3, 33.0, 39.9ppm &Y. *
NERIFHEDL27, 110, 99.8% THI2 F DE|ENK
TV, ZOB|ER (F) ORENPREICKEETDI LD
LEZXLND, LIELZOBREORZER, BEICKE
EEERV,

AHFEEATOCHTI D, BB EEEL e
WIS KRR A BRI R OB E R L E T,
EARIOL Y E L DICEELERE L EfEEE T2
ROl RERFAR—RBRICERHOEERLET,

FE R O EEE R ORERIC b 72 D HEMEE L BREh B
I IR T AR S AR ERF AR O 4 RIBERIR, HFH
BRI, MAEER, REMSCHEDEOS)IEMERK,
EOREREFITHIICH D) FHE R W22 e RHRT
SRR BB BRI CEHRH L LET, Eem#R
FREFNIBFMRAZOHF 2 CEH I LET,
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Summary

It is well known that some plants belonging to
Theaceae, such as tea plants, selectively accumulate
fluorine, whereas fluorine contents of the other
But little is known about the
accumulation mechanism of fluorine by Theaceae.

plants is very low.

Some plants belonging to Theaceae also are the
accumulator plants of aluminium. For example,
tea plants contain high levels of fluorine and alumi-
nium in the leaves. (Leaves usually contain much
more fluorine and aluminium than other parts of
plants.)
high fluorine and aluminium contents.

It is noticeable that same plants show
Judging
from strong chemical reactivity between fluorine
and aluminium, it is assumed that fluorine absorp-
tion by plants is closely related to aluminium
absorption by plants.

Therefore, the absorption of fluorine by Theaceae
from soils and the chemical state of the absorbed
fluorine were studied in relation to absorption of
aluminium by the plants.

The results are summarized as follows. It was
found out that the plants enriched in fluorine al-
ways showed high aluminium contents, whereas
the plants enriched in aluminium did not always
And the fluorine
contents of the accumulator plants was always

show high fluorine contents.

found significantly and positively correlated with
the aluminium contents of the plants. The ratios
of fluorine to aluminium contents of leaves (F/Al

ratio) were about the same at different positions

on the stem of the plants. And the F/Al ratio of
leaves did not show difference among the varieties
of the plants growing at the same site, but showed
significantly difference among the growing site.

Therefore, in order to explain the results men-
tioned above, the author proposed the following
hypotheses. (a) Soluble fluorine of soils exist as
fluoro-aluminium complexes, such as AIF?* and
AlF,*. (b) Accumulator plants of fluorine absorb
fluorine and aluminium in the forms of AlF?,
AlF,* and Al

To prove the hypothesis (a), the amounts of
soluble fluorine and aluminium of tea garden soils
and fluoride-polluted soils were determined with
various extracting solutions. And it was estimated
that soluble fluorine in the soils existed in the
forms of fluoro-aluminium complexes or hydroxy-
fluorapatite Ca;o(POg)eF:(OH),-.(x<2). When
soil pH was high, most of the soluble fluorine
existed as hydroxyfluorapatite, and with decreasing
soil pH, hydroxyfluorapatite was dissolved by AI3*
forming fluoro-aluminium complexes.

Subsequently, the absorption of fluoro-aluminium
complexes by plants (hypothesis (b)) was con-
firmed by the water culture of tea plants.

From the results described above, the author
might conclude that soluble soil fluorine existed as
fluoro-aluminium complexes, and the accumulator
plants of fluorine absorbed fluorine and aluminium
in the forms of AR*, AlF2* and AlF," from soils.



