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Fluoride is a locally important pollutant, which is released into the atmosphere whenever clays, rocks,
coal, or ores containing it are heated. In Taiwan, factories producing bricks, pottery, ceramics, and
aluminum are major pollution sources often associated with fluoride-related crop injury. Fluorides are
highly phytotoxic to susceptible species. Tea is a fluoride-tolerant species that has a capacity for
accumulating high levels of fluoride in leaves. The purpose of this study is to find out the reason for tea
injury. We investigated fluoride accumulation in the leaves of tea and weeds near a ceramics factory. The
mean leaf fluoride content in tea from tea plantations southwest, west, and northeast of the factory was 2463
+ 256 mg/kg, 1693 £ 194 mg/kg, and 1086 + 92 mgrke, respectively. Camellia sinensis L. sampled from the
area southwest of the factory had significantly higher levels of foliar fluoride than did that from the area
northeast of the factory. The fluoride content in the necrosis part was 3570 mg/kg in the severely damaged
area (southwest of the factory) and 2135 mg/kg in the slightly damaged area (northeast of the factory). The
average levels of fluoride in the weeds ranged from 1406-4307 mg/kg in the area southwest of the factory.
The fluoride content in slightly damaged leaves of Conyza sumatrensis was 5526 mg/kg. Tea is a natural
accumulator of fluoride. Tea shows injury when the fluoride content of the leaves is more than 2000 mg/kg.
A number of native weeds are tolerant to fluoride and accumulate high levels of fluoride on their foliage.
Bidens pilosa L., Conyza sumatrensis (Retz.) Walker, Crassocephalum crepidioides (Benth.) S. Moore, and
Ageratum conyzoides L. seem to be the best native species in Taiwan for monitoring anthropogenic fluoride
levels through leaf analyses.
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L ® " BN SR ST SR K IS R e

SEBIRZ AR S - AN SR T R A
B R EETERFAE R ERERE &
BT o BRI o B BUIR R 5 R TS R T
FACYIFTEEL - 3 HEG AR R a2 I SR
FE o

2 S T
— RNEBERBEESE

A A Bk B R TR R A e i R R R
T 5% ISR S s - J IR 300~
400m > MG E R EEIER > B 2%
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30 mL Bff-FER%EHE TISAB 11 [1 L B+ kh
= 57 mL UkREME ~ 58 g & fké" ~ 4.3 g CDTA
(trans-1, 2-diaminocyclohexane-N,NN’.N’-tetra
~acetic acid) » LA 5 N NaOH 3§ pH il 5.3-
5.5 ] = I P\ B -2 2L % (ORTON 9609BN,
USA) #3815l 2 5 (53 #7 £ 48 #8 7Y METTLER DELTA
350, UK) -

# R R B

— HEEEZEFEFHZSERNRA
ERERBESW

TR AR BiNENY " - e
FCHWEY B S EEEYREREN &
HMBEEREERE RS - WHEBEREM 30-
200 m BEf s FRELZERRECEE 0 ZE
R 2-3 ha BEBZHSHMEHREER
T TR AE SERR A 30-90% » B I I i R
BRI F B MR EHERZER
TR (B — a -~ b) - FHIEIEE < 2 8% 15 B
B RERB ZEE LA RS
20-30% » ZEERF ZEZEREER 30% - BE
TEFB RN BB R TR L
REZMELREN > ERRaRMZHEEEH
B E— o - FEHERFEEEDZEL
Yiig s A HEOIR - A7 RE R R S IR 2%
B As A es s ERBGEMEEEES
B (E—d) -

BB ERR(E—) > VRIS
(SWZEBZEER G - BEEELEAN S > FEH
INEECEREMTZEEE 66%  EHEHES
BEHALY > VIR G RE 2463 + 256 mg/kg
53 B B v (W) R BB (NED R BEZE - 1.5
be 2.3 5 - AR B ER R E NG TE A
30%LAT » ER Z B S RRARAEEE » &
REEMER 1929 mg/kg - BEALMIHE BL 206 8
XEBR  ERCRESERME(977-1224
mg/kg) » WFERET - R E AR T EK
WA ETBRBEREL > JER P REZSE
BHERBRERZFEESE 139-1410 mg/kg

*— PRAZERERAEZERZALYESE
Table 1. Fluoride accumulation in tea leaves
of different necrosis levels

Sampling Necrosis Number Leaf fluoride content

of (mgkg d.w)

Site ! (%) samples  Mean + SD Range
SW 20 -65% 7 2463 + 256 2060 -2852
w 10 -30% 4 1693 + 194 1484 -1929
NE -2 3 1086 + 92 977 -1224
CK 3 532+ 15 518 -548

1 SW (south west) is 50-200 m away from factory. W (west) is
30-100 m away from factory. NE (north east) is 30-100 m
away from factory.

2 no visible injury symptom.

ORI o A S A v T R B AL 2 Y 2 A
Fm B eI & s fE T o B
e (REMLARUWE) XL - R E
M W REALERE RN RS B
FEEBEETE, 4631 K 2.04% - HEZ
TR & A BE 57 W18 Bk AL - 3 B i H
Bo s WREUR RSB S B EIES
HEZEEE S E om b (F2D) - gl fEE,
A ER RIS CHBEBERSMHEE 3570
mg/kg WA B R EE A B 2 AR =
i E Ry 2135 mg/kg - ZERERUAE LS
e MRS - PIREHRY"? G2
M EFEERERAREESZE  MAEZ
EREERCAEEEHEAR  THEHRE
BRI 2B & B E 0 phE
AGHA R R FRIEZEEMAERE - G A S SR
T RAEE RS2 1.6 5 FRERE
Mo ARZHERKAOTSZ 1.2 15 - ®1LY

KT ZEFREEFEBIN - BEOISA R
i mibmER

Table 2. Fluoride accumulation in tea leaves

from necrosis, green part, and shoot

Sampling Fluoride content ~ (mgrkg d.w.)
Site!  Necrosis part Green part Shoot
Sw 3219+ 232 1978 + 153 290+ 41.8
W 2146 £ 123 1619+ 116 167+ 18.3
NE -2 1086 + 92 110+ 16.8
CK - 532+ 15 60+6.2

1, 2 the same as in Table 1.
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Fig. 1. The injury symptoms of tea plantation in the vicinity of the ceramics factory which is a fluoride pollution source.
a. The injury symptoms of tea in the southwest tea plantation of the ceramics factory. The more scverely damage of

tea the more close to the factory.

b. The injury symptoms of tea in the southwest tea plantation of the ceramics factory. Defoliation is very severely.
c. The apical and marginal leaf necrosis injury symptom of tea leaves. The necrotic arca drops off readily.
d. There is no injury symptoms of tea plantation in the northeastern of the ceramics factory.
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Fig. 2. The marginal leaf necrosis injury symptom of
Conyza sumatrensis (Retz.) Walker in sourth-
western tea plantation of the ceramics factory.

/g 5% (=) - Rt HAHY 2T IR =
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o Rl omERZEAYEE - BRER
PR ERE (SWEEAREERCEER]ER
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B2 Hm R P H AR OIRE Z Ak A 1S
LR EBEREER 1978 mg/kg T RZRGERAL

#==

B ARk 2024 mg/kg - HEAL 2R 25 Fr B
R BB EER 2000 mg/kg o IBFIE R
FEANETEUMAEERER > Y
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AALYE Ll g Y (R 2B SRR E
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] > 7 > A o S S EAIE S A -
VO~ BRARHIAR RGBS R A
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W CKOERME S S 8T - ER Y
B pH {2 72 543007 JF B B0 A 0l g 2 3% 2 B T R
HEER Y IFA - REE - BEFE -~ 13
HEREES (MEURE) SRR &0 5 g
e A (G B B 5w = U 2 35-106 % - T &, A
R SIEEEF S e L HAETLE
EEBEINZ 21.2-35.9%  BAREEEZ F
TR 9.0-13.5%) Kis BURARITEE REZ
HiEtese eSS - Bif@mdy - Z2R5 2
RIGRTEZRBERED - FoEBRABERED
WARES  THEE R B - R EE
A i m A B E 1000 mgrkg DLE - i
NEER KRS EMEY 2 KEE NS
REE - FTH 2 EEE EENE TR
Ml Acacia georginae Jt Dichpelntum cymosnm ZE4E
) R #E /B % L R AE Ty % B T G 15 AR 4

(fluoro-organic acids and fluoro-fatty acid)

TR REE 200 m R P REN Y R F R

Table 3. Fluoride accumulation in weeds from tea plantations within 200 m distance from

a ceramic factory

Sampling Fluoride Content (mg/kg d.w.)

sites Plants Leaves Stem CK,* CK,*

SW Bidens pilosa 1. 4307 1230 29 9-41
Ageratum conyzoides L. 3141 1042 39 §-44
Crassocephalum crepidioides (Benth.) S. Moore 1406 504 31 18 -40
Conyza sumatrensis (Retz.) Walker 1893 -1 46 10-33
Conyza sumatrensis (Retz.) Walker (leaf necrosis) 5526 -

w Crassocephalum crepidioides (Benth.) S. Moore 554 118
Conyza sumatrensis (Retz.) Walker 297 -

NE Crassocephalum crepidioides (Benth.) S. Moore 129 33
Conyza sumatrensis (Retz.) Walker 164 -

1 Conyza sumatrensis (Retz.) Walker just analyzed the fluoride content of leaves.
2 CK,, was sampled at 4 km away from factory. CK, was sampled at different sites in Wufung (non-polluted area). The fluoride

content of leaves was analyzed in the CK samples.
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MeERE R ™ > Al tnan & Di ttmer™
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mg/kg A e 5 B BB - AF R 2B
o SR EEMETEES LG EERH
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BERMERSEERRE  EERZMEHE
HEAGBRUARBSHERMEC AETE L
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AR BRI R B R S E R A e
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Sieb. et Zucc. BEEAE) ESEB (Litsea
hypophaea Hay. FiEIKEE F @) 2 3 [A # H
HAZER R MG ao G HE il B0k (B =) - $RERE
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Table 4. Fluoride accumulation in perennial
plant leaves within 200 m distance
from a ceramic factory

Sampling Fluoride content (mglkg d.w.)
site Machilus thunbergii  Litsea hypophaea Hay.
Sieb. et Zuce.
30-50 m 2644 + 265 -
100-200 m 1903 + 105 1184 + 89
CK 26+ 11 19 +7

1 No sample was found within 50 m distance from a ceramics

factory.
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Fig. 3. The marginal leaf necrosis and curved injury symptom of perennial plant in sourthwestern tea plantation of the

ceramics factory.
a. Machifus thunbergii Sieb. et Zuce,
b. Litsea hypophaea Hay.
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