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= Abstract =

This study was performed to investigate the concentrations of elements from tea samples

and

their elements concentrations dissolved during different periods, pH, temperature in the

commercial teas,

We have analysed the concentrations of As, Cd, Cr, Cu, Fe, Mn, Pb of Green tea, Oolong

tea,

Black tea, Hyunmigreen tea, Doochung tea, Gyeulmyung tea, Hyunmi tea and their

concentrations dissolved from tea samples during different periods (1 min, 3 min, 5min), pH

(5.8, 8.5), temperature (70°C, 80°C, 90°C).
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The range of concentrations (in pg/g) were Cu: 2.62+£1.40~11.5940.40, Fel 9.8+8.0~

138.4+7.6. Mn: 16+7-1060+58, Pb: 0.36+£0.15~2.00£0.46.

The concentrations (in pg/g) of As, Cd, Cr were detected to small amounts.

There were no significant difference in respect to element concentrations with the other

elements but Fe with Mn were correlated significantly each other.

The range of concentrations (in pz/g) from tea samples by percolation condition were Cu:
4.86, Fe: 0~7.25, Mn: 51~398,

Cd, Cr were not detected all samples and As, Pb were detected to the extent trace

amount in some irregular samples under all percolation condition.

. There were no significant difference with the dissolved concentrations of Mn but the

dissolved concentrations of Cu and Fe were correlated significant about different pH.

. There were no significant difference with the dissolved concentrations of Cu but the

dissolved concentrations of Fe and Mn were correlated significant about different tem-
perature.

Periods were significant in the concentration dissolved from all tea samples except As,
Cd.-Cr, Pl

— 25—



N B

= AR Hfe g9 AREAY A3 1H9
"5}4 g 7HA gle] 71 EAELEHN o] £H T 9led,

G0z 2tz 43 AL Camellia sinensisEA
’I‘heaceaeﬁrca] Zgli ARz A0 4000l MR 2
oM ofe® AuiEe gtow Hajx ebabg, sl F
4. FahAg 59 oeir]sel #¥AR 4F F7E
AL 7pA A gle] amlv} Fvhsla ﬂﬁr HiBid
ake] iy AEHY JdN-E A e,
n, Cu, Cd, Pb 59 $340| 2499 AddA 434
e old 35 Ay 7o A 359 ¥
. i"aml pH, #7849 o Py, ool nzky

e S48 544 99 slen,? ‘14_‘3”105-
%"'ﬂﬁl UF-Fo| M B, Cu, Nag o] 3t

&N

Pt

o= Fe, Zn @] 9ou] pHE 2014 & 7
ASE Fe 22 YAE AFRo] of&3]

A2z oA 3]

g:ﬁjzmmy;

g ahlye] 3
7] W] g o) Fed ol
o
AF Foll A8t 34 39 A= 29 g
e EAe] oair gL wrew, FAG o FEF7}
b absge) wrge e o FAERZ 97,
EoF 52 edavzzy, o Af 29¥ B9
S Ausln, FEFE Fol7] Hd AF A
2A S AFEsle] fal 2] A BAR Hold 5
=0 A b o] el E of3g g 4 ginht =
| #ube7v g FY e E E3AY vhE

o L 3
o{\,l m.lz]

le £ > wt

ﬂﬂ*%NDFﬂNoirﬁizé&%>iﬂ
e
hu
o

o) Sleh FEAIG A, Sb, Cd, Mn, Sn $¢|

P50} Fo ART M FRY AN F3%

©7h oldl 7102 Mo}, wolapgel slshed Abgol

240 298 ABE AATOZH QA Fie)

qg 7hsAel ¥ Ao nd v ole?

7 AEvie ehora T:Ls of e e AT gle
b #7126 e AAel 442l BN 2 F ¥1E
Aol ek o eateT 1 J RERE ZE I

of ARz HAE 4402 I3HE A= 27
devl £ad0ze) £ AEL 4 olgT 423
Fehol et e Aoz deiA Yeho FUdAE 2
o W 3349l 7122 PbE 71302 4 gk
d, 712 AAEe 94 g G FEEE FF TH
s} Aol A2 FFsHel Uk 249 BAe 4
Fo) ANHERoIN AYR HE) AvhelA] 209 o]

27172 44 E £ 90 FiF49 29 7L do}
B7] 913t Al FelM FuiE I ole A7) v 2y gl
Aabel =3, dolsal, 84, EFi, F5al 29
Az, elab 3o 49 d 4o pH (5.8,
8.5), £&&% (70°C, 80°C. 90°C), &£A|7F(1%
3%, SEiuisel e A 4 For £53 F49
LE2HEE 2 s, B A5l dHo sl= g
Aol A pgd Foz L8 FHFL vw EAFoRMY
AAZ oAHR F5Ee w5 S aldEa, 4 3
A fgel e sk e ool dFHE ¢l 9
3L oS3tz g

MEy 3w

1. A A
Aol M o= gle F4 A & AEAE F
FHz A AFS TUskd Aoz 6}3\ &
AHE AY Fie w3, dHesi, 33, 33, 7
Fab, Ay, ool
2. Ay
1) EH7|7|

Atomic Absorption Spectrophotometer (Model
5100: U.S.A., Spectra AA-76

Vapor Generation Accessory, Varian, Australia)

Perkin Elmer,

2) ALE A

Nitric acid, Sulfuric acid (f8i5<3% 4 Junse,
Ammonjum Oxalate, Monohydrate (Kata
yama chemical Japan), HaAFZEME FF8
1000 PPM (Junsei, Japan) (As, Cd, Cu, Cr, Mn,
Fe, Pb), Hydrochloric acid (Junsei,
ium Borohydride (Aldrich),
Potassium lodide (Hayashi Pure

Japan),

Japan), Sod
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Japan),
Chemicals, Japan)

(Junsei,
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Table 1. The operating condition of atomic absorp-
tion spectrophotometer,

AIR FLOW ACETYLENE
ELEMENT WAVELENGTH SLIT WIDTH ~ RATE  FLOWRATE  REMARKS

(NM) (NM)  (L/MIN) (L/MIN)
vapor

As 1937 1.0 10 P
Cd 228.8 0.7 10 2 flame
Cr 357.9 0.7 10 3 ”
Cu 324.8 0.7 10 2 ’”
Mn 279.5 0.2 10 2 ”
Fe 248.3 0,2 10 2 ”
Pb 217.0 0.7 10 2 "

(3) g8 AE

Ao FEgel W I9g AYS AR 200
# A& As, Cd, Cr, Cu, Fe, Mn, Pb £F§4 &
Wol Al $Ys =Ao2 AHelste] As: 89.5%,
Cd: 94.9%, Cr: 89.3%, Cu: 90.9%, Mn: 94.8%,
Fe: 92.1%, Pb: 92.3%9] 3582 F3c}

3. AR X2

A5 FHEe] o= FE FF Aol F AREA)
of Fo4L ARG, M F49 Fo= pH, TE,
Azbd g 8%¥= §ek& Duncan’s multiple range
testo] o3t S5 R vl FAFGT

oy 9 o
1. &% So| & #Y

1) As

=3} 0.035~0.099 pg/g, )3k 0~0.098 ug/g,
27 0.010~0.072 pg/g, §3 0~0.090 pg/g, ¥
22} 0~0.090 pz/g, ZFAZ 0.010~0.065 pe/g,
#o)a} 0.015~0.038 pg/ge] Mol e Ao ¥4

Helxd wEe] Axe Ase Fztele zel7l de
Aoz Helr},

=3 7] FOFAle s FHAH FFE 0.03~
0.38 pg/gd] Wslel 2lom FFF 0.09 pg/g2 =AM
2 zabe} ajolzt glgled A A EE A £
Fo2 geiEo

Allaway™ 2]3la Aste A ZAld 9% F57F A
H= 7o gle] IFEEe| Arsenic trioxideE 3t
EcokoA AAFEA e @2 ko] AsE PRI A
o, Lead Arsenate’} %2 EFelA At A EAEE
arsenate o] 713l whe} As@ape] Frlsiv, A
EA9 Fejol wel 2R FHEA—RL M A
g AEAEL 52 $EY AsE $Aslx gdled A=
ZFH2R 0.001~5 pg/g7tA FHHe] Sl ZA2E &
3% vt glen, Ase e ue} H2A% FHFFY
RSl 2HRAAA N FFE wA Eqddd] o|2A
3o 70~80 mgo g Absl F2 AAAZe Aof e}
FE, d2AeS Jepi, BAlESe] Atele A%
Rz g A T2 FAE ik

2) cd

=3t 0~0.25 pg/g, HAvlxx 0~0.54 pg/g, 33
0~0.17 pg/e, 3 0~0.34 pg/g, 5357 0.01~
0.05 pg/g, A"AA 0.01~0.07 pg/g, #u)z 0~
0.05 pg/ge] WSl sl 2oz EAHEE Nate
san®& bR AAe] Fge FdAF 0.3 me/gelH,
Michie §%9 Zael] oJspd A Cdo] FaFe
0.06~0.23 pg/g2] WSl sled, =8 Wang 57
Ealol| A 0.041 pg/g, FEFAAAM 0.038 pg/g, FAtel
A 0.035 pg/go 2 AL, I F FfelM H
ek 0,024 pg/eo 3 ZAE Y Tsushida ' 3t
Z9] Cdo] ¥ 0.036 pug/go2 B0 77 v as
B Michie 5§79 A#}e} w3t 7102 FA5e A
geko] £F07 o 3H

Cd §%2 154Er iAo uel Fasn F74
ql 3749 G3g do] = Aoz dejA gled, el
U R o7k FAE e wel §HrH
o] 9c}h.? dutg ez AFA = ARFFLE 1~10
pe/g AEZE 4313, AEAYAN CdY 75l 3
st ezl 2 dejA glA 4. =3 Eges 7
CdZ &3t AEANY 582 Pb, Zn B} a9 37
7t A 2499 AN E do] EHAF o] G2 7
HolM F71 AAALR doid £ 9o, AFH Cd
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3 Cr

52 0~0.11 g/, w35z 0~0.15 pg/g, $Faf
0 pg/g, &2 0 pmg/g, FF3 0~0.15 pg/g, ZARaat

0~0.17 pg/g, He)ak 0 pg/g2 vlek AEHIdeH, &
FF9] Cr& Crva EAsle AEile Fe|Z Faa
A FrEA 47] Wie FARA ol AEAE T
wo|Abg R &ao] HA o3, = W pHel|HE M4
sl pRo M= SE2A R EAela] ¢ oz o
2 =" 2 F0e HulFe] CrHe 0-2.74 mg
/gol BYel sle Aoz zAlged, 2 ZAlAE 0
~0.17 pg/g 22 HA YeliA Adgge] 502 5
295 CrygEe dde F449e gL Ay o
vt o2 $i3le Al Aoy 4gAE FaM 5
His Axe Cre =3y s Absisidge] o g2
%k 2~6% HE7 FRHY FEAYY A 13 4
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4) Cu

=2} 2.50~5.42 pg/g, v 2.28~7.22 pe/g,
52} 4.88~7.46 pg/g, £ 9.79~15.42 pg/g, ¥
F2b 2.63~5.80 mg/g, AAA} 4,02~5.75 p/g,
#Hujak 1.99~6.25 pe/go] W Sl Aoz gAE
ded AUFAEe] A A Axe e Frlsle A
33 Helonm Natesan V& 6~50 pg/gl2 A
I, Wang 59 Zafellq 9.6+0.5 pg/g, 3kl A
10.6+0.4 ug/g, FAfellA 20.9+1.0 pg/g, Tsushi-
da''2 HZatell= 11.4 pg/g, Tadakazu™e SaeA] 7
~ 24 pg/g, BAANAM 11~71pg/g, Tarafda'”= 38.03
pg/glo2 HIsk A 2ok A HEHe] 249 godd
HLE FE3Y.

Aslel A ATFHR o] &HH AEI] o] Fole F5
o &571 =2iR)7] qFe] Cufl el Fada Cuf

Feko] B2 72 wluH AS 27 £33 R F

3
Dt e AL el At w%
z

5) Fe

w2l 62.5-198.2 pg/g, &AnlZA 42.0~79.9 pg/
g, FF3F 127.5~148.3 pg/g, LA 57.6~93.2 pg/
g, %2} 56.2~148.2 pg/g, AWAR 19.5~79.3
pg/g, WolAF0.3~27.2 pg/g] WSl Qe Hog ¥
MH s Natesan 592 bl of@7ha] oA
W 89 ug/g o2 Hake] A AL vlRsA|g £
akel A+ AA bt e Tadakazu'™e Hxjel4
80260 pg/g, FAPlME 110~290 pg/gl s A
A vws] ¥ egdHr] g2 7o ¥eldh Lau
rene]| oJshd WY AEX FAHA 42 aE Bv
o] W B3ty 3y Fegl polymeric polyphenolsg 7F
213 glon] WEEA o2 AEL Jonic Feﬂ simple
polyphenol& 7}A|al 9l Fzbddayl $F30 44
E3d A2 He] gleh =3 2E AellA lonic Fed
ferric state?ld] simple ferrous saltsi ferric salts

Ho Aufelld oS EFHoz FHU9.” Fed §4
F5e dAE ATdhe AL2TEH AEEe g4y =
g, E44449E 2dsie, S ES AL A X
Fes] #ag 7M1

—

6) Mn

=2l 352 - 1339 pu/g,
A 989~ 1120 pg/g,
577~630 pg/g, AWAA 9-37 mg/g,
#g/gll Wl sle Aoz $AFHYAYeY,
Safell A 10647 pg/g, FEAlA 105247 pe/g, &
Al M 932113 pg/gl 2 EAYLH, I F" FR
A HT 0,024 pg/go 2 ZALE
L 2=slol A 190~ 1080 pg/g. Exlol M 260~ 1280 g
/g, Tarafdar 5% ApTodolA Ho 970 pe/go 2
FAgled Fabel 9%l Tadakazu™e] FAMsE 97
st FARY ASe ALY ez Jehded AT
Mn¢] §abo| @o| gl Aoz aelr gled 2 A}
M= o] 7AEHe . Hasselo”: Mng #ake o
o] 2Y 4% FHUDT HIgS Mnd YRSE
Al geke] 3vnle] F4Ey FRENTRT HEIHN

Yol 53} 128~527 pp/g,
T4 301-477 pg/e. TFA
ol 8~25

Wang 5%

213 Tadakazu®
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7) Pb

B3} 0~2.11 pe/g, FvlEAF 1.18~2.20 pg/g, ¥
23} 1.23~2.79 pg/e, EA 0.38~2.78 pg/g, TF
A 0.35~1.27 pg/g, AEAA} 1,16~2.72 pe/g, il
n)d 0.21~0,65 pz/gs] H9d e Aoz FAHY
=1 Natesan $92 h}5e] ofgirha] F2eA 3.1+
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4259 w3 el lzﬁ Cd, Cre 4257 %4
eror] As, Pb: B3 AE AsstE 4257
skaket,

1)} Cu

A £2270A AelH 49 Fo2 429 FF
(ag/g)e =3} 4.05+1.02 % 0.64~1.83 (15.8~
45.2%), #v)=3al 3.7541.68 = 0~1.04 (0~1.04
%), Za} 5.94+0.88 F 0.91~3.70 (15.3~62.3
%), &k 11.59-+0.40 2.84~4,86 (24,5~41.9
%), F23 3.51+1.29 & 0.81~2.57 (23.1~73.2
%), A=A} 5.0040.53 F 0~1.17 (0~23,0%),
Ho)al 2.61+1.40 & 0~1.33 (0~51.0%)2 H3el
N 225900, $EAPMNE £E5AT] 2o £
2 2239 cko] Yol Ao (p<0.05) FE AlBAM =
80°CellA B} 90°Cel o 4&7Fe] £ E4AT SAA
o2 oxo Bi $2F2] Aolr}t dy ALE MK
o} (P<0.05). Natesan 5% oajs £x} A9 3t
g2 34~135 pg/gol T BE EoAM 5% h& 423
gake 11.9~45,9 pg/gdl 34.9%7} £&H9T Mi-
chie £9& pHel 93t £&2 AxE pH 5. 57/'}7\] =7}

ool of
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Fig. 1. The percentage of Cu dissolved from black tea by percolation condition.
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stk pH 6,094 o] Frashe 722 24 gl
pH 8.5¢)4 Xu} pH 5,804 454 o] ol (P<
0.05). Tsushida'"& =2} A9 AL 11.4 pg /g,
£E2 0,08 pg/gl s FAM T Tarafdar S| 2|3}
o Aol M Cusl HHEeke 38.03 pg/gel 4,1 ug/g
¢l 10.8%7} &= 9l=4d, Natesan %2 Al v
3 F o AAgEke HlT AA FAA 459 Hx:
= Az dehgth, 24 4222644 A g4 aE
ull gepe] sha wgd FAlY] 44 Hxs 09 13

2) Fe

AA S22 AAA 49 Fo2 28 Fab
(pg/g)E B2} 98.1+44.2 3 0~4,72 (0~4. 81%)
#nlsab 54, 54117 F 0~2.11 (0~3.9%), <2z
138.4+7.63 F 0~7.25 (0~5.2%), %z} 68,2i
18.0 % 0~3,56 (0~5.2%), $33 96.6+28.6 F
0~4.49 (0~4.6%), HYAak 33.5+19.9 F 0~
4.00 (0~11.9%), #n|A} 9,80+8,02 = 0~4.49 (0
~4.6%)2] WA SEFUe g R whe} ¢
7ke] 2ol QlAT pH 5,89 ME 70°Ce LX) M 7
o] BE AZeM FdstA Ferk 435429, 80°Co|
My de|sate Ao e A 4554 ddskw, 90
Col M +53F AEAAE ALl o AR Me
SE5A gt pH 8544 70°ColM = 335 4
ssla oF2 AlZelAE Fert 4557 ¢sker, 80°C
My T3, 83, TR, AYAAAM vk &

25920 90°CollHe TE ARdA &320] =g}

pH 5.8
BB
51
4,5
4
= 3.5T
B 3T
= P E
5 2.5
= x N
o 2
1950
Jil
0.51
04— - - i
Omin 1min 3min Smin
Time

= 70°C —e— 80°C —=— 90°C

AR 2}017} gloit 383} 52719
HeZ FAMHe] Alzhd Bl W
of & ﬂ-om alaim (P<0.05), 2%+ 70°Ce 80
"C %9 o)z} giglend 90°Coll M SZ Tl 3
o] 7} ¢l Ao 2 Jehtd (P<0.05). =3 pH| w3
o HalAE Folat abolrt gl o2 vy,
Natesan 5%-& Zafo 4] Ao Sof gl shaps
100~ 145 pg/gelm He BollM 5% £ £244
0.031~0.041 pg/gsl 3.6%7}F S-&=9l=d BAFH A
T FAlA 68.2+18.0 ug/g 5 3.56 pg/gd) 5.22%
7h 8E5e] Aol7} ok 22 Yehgt) Fed| el
HA &9 72 252 Polyphenolse] Feg} Eghy 2
HA5 Fed £5& 97] dioin mg 439 &4
9 Fed] 5% Yozl oz vag vl ¢ @

e

4 S222A AA HA AF Fed] o) 74 49t
9 23 42 Axe oy 29 2,

3) Mn

A SE2 A Holr] S8 Fog 229 ek
(pg/g)e =3} 760+422 2 119~362 (15.7~47.6
%), o=z}l 3904154 £ 51~141 (13.1~36.2%),
232 1060+58 F 82-398 (7.7~37.5%), 3}
438 +42 & 82~260 (18.7--59.4%), F=3 615+17
5 54~221 (8,8~35,9%), ZHAA} 17£9 F 0~2
(0~11.8%) ﬁiw]i} 16+7 & 0~8 (0~50.0%)2] |
AelM &2Egle, Zake= 5.8 &EA]7he]

gz 9_57} ol B %‘5& grefol whoby ow,

pH 8.5

Amounts(%)

n¥ s # ]
0min 1min 3min Smin

Time

! —=— 70°C —e— 80°C —=— 90°C

Fig. 2. The percentage of Fe dissolved from oolong tea by percolation condition.
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Amounts(%)

+ t ]
0 min 1 min 3 min 5 min

Time

E - 70°C —e— 80°C —=— 90°C

pH 8.5
0T
35T
30T
257
20T

15T

Amounts(%)

107

5+

i t !
0 min 1 min , 3min 5 min

Time

[ = 70°C_ e 80°C —= 90°C |

Fig. 3. The percentage of Mn dissolved from cclong tea by percolation condition.

pH 8.5¢| M Azte] F7l84% & (&
U 57} 80°CelM 90°CE Aol wet 2389 &
Eqh, oE Aa5e 1% F9kY 453 JAHL
pH 8.54]4 2o} pH 5 8011*% Wo] $&Hg20 O
Fo| Ao e pHell w2 zho|7} o, Aol 2o
A5 L3S YUY =7} 70°CA 80°CE A
=3 W= Zrlshd B4 90°CellHE Fadhe o2
Ve, EARoz EMer A Ajzte] 71T
$29 e 272 (P<0.05), <52 Hid 2
§%22 70°CS} 80°Coll A= Atol7} 9l 2t 90°Cell A
= alel7} gl AeE BAse] x| dat Aelrt 8l
gl on] (P<0.05) pHel Walel dejxe FJ& Ael7t
g A02 BAHe. Natesan 9L FxpeljA 247
~370 pg/ge] FHFe] 2T B FelA 58 U4 &
277} 89~153 pg/gsl 38.7%7F £EHALH, £ A
ol M= 260 pg/gq) 59.4%7t £3He] Zolrh Asdet
7 g2zA0M AA g4 A5 Moo Fael At @
gw $Exe 4% A= 19 3% Ao

3. &Y 41 £4

Az el e T4 FEE AvEMe T
A3zl Fedd Mne r=0,8220%2 AFAe] gl #L2 Y
o et BE 246l ARl e Aew

vehge,

Zo FHE] A F£9 S SE99] 2=, AL,
pHel Wzl @2 zeld $49 Foz L35 A=
£ siebsly] $lEA sRHALH, 3, e, 5
23}, &3, Fax, A9, dolAE Fdstd A5
o #gse] 9l As, Cd, Cr, Cu, Fe, Mn, Pbe] &
e AT pH (5.8, 8.5), Al (1, 3%, 58),
T (70°C, 80°C, 90°C)e] &AM s4dor 455
ks Ak dae ogd 2
1. A dAAR F 8 (rg/e)e] HSlE Cur 2.62
+1.40~11,59+0.40, Fe: 9.8+8,0~138. 4%
7.6, Mn: 16+7~1060+58 Pb: 0.36+0.15
~2.0040.4622 BN}
. A% As, Cd, Cre 73 AEH5
3. el Tl sle FEe] FEHS HBENS
& A3} Fedt Mng #A= r=0.82°0% A
o] gl Ao vehdon g8 F4dede A
Ao 9= ARE e
4. A £22A0A AT S8 ¥ 239 &
2 (pg/e)9 W= Cu: 0.00-4.86 (0~41.9
%), Fe: 0~7.25 (0~5.2%), Mn: 0~398 (0
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