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ABSTRACT

The analysis of heavy metal content in tea and their leaching
tea by ICP-MS

Kang, Cheol Ho
Advisor: Prof. Kim, Kyong—-Su, Ph.D
Department of Food and Nutrition

Graduate School of Chosun University

We analyzed heavy metal content (such as arsenic, cadmium, lead,
mercury) in 30 original sample and 30 eluted leaching tea such as single
tea(green tea leaf, green tea powder tea-bag, black tea), cereal tea(barley tea,
corn tea) and mixed tea(brown rice green tea, buckwheat green tea, doongule
tea, corn silk tea, etc). We set up extract condition of high consumption tea
as 80T, 100 mL, 10 min, and after enriching into 5 mL in Kjeldahl flask,
putting HNOs in digestion block and stopped decomposition when it turned
colorless by using decomposition by heating, using ICP-MS as a solvent and
mercury was analyzed by Gold Amalgamation Method using Mercury
Analyzer. The average content of arsenic in original single tea, cereal tea
and mixed tea was 0.335. 0.206 and 0.308 mg/kg, respectively, on the other
hand that in leaching sample was 0.102, 0.104 and 0.133, respectively, which
was reduced more than one third. The average content of cadmium in
original sample was 0.01. 0.018 and 0.039 mg/kg, respectively and that in
leaching sample was 0.003, 0.006 and 0.01, respectively, which was also



reduced. The average content of lead in original sample was 0.109. 0.051
and 0.138 mg/kg, respectively and that in leaching sample was 0.026, 0.031
and 0.033, respectively. The average content of Mercury in original sample
was 0.109. 0.051 and 0.138 mg/kg and in extract sample mercury was not
detected at all. It was less than maximum levels of heavy metals(example;
pb 5.0 mg/kg) established by Korea Food and Drug Administration(KFDA).
Estimated daily intake(EDI) of Korean through tea and their leaching tea
was estimated about less than 0.1%(excluded the leaching tea of single tea)
and 1.0% (leaching tea of single tea) compared with provisional daily
intake(PTWI, As, Cd, Pb and Hg pg/kg bw/week) estimated by JECFA.

Consequently, it could not have adverse effect in risk health.

Key word : heavy metal, ICP-MS, tea, leaching tea, estimated daily intake
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Table 1. The safety reference value for heavy metals in contaminants

Safety Reference Value

Evaluation by

Heavy metals (mg/kg bw) JECFA (year) IARC
Lead (Pb) 0.025 1999 Group 2A
Cadmium (Cd) 0.007 2003 Group 1
Mercury (Hg) 0.005 1978 Group 3
Tyl mereury w1 0.0016 2003 Group 2B
Qorganic  Arsenic 0015 1988 Group 1

s)

Tin (Sn) 14 2000
Aluminum (Al) 1 2006
Zinc (Zn) 0.3-1 1982
Copper (Cu) 0.05-0.5 1982
PMTDI
Iron (Fe) 0.8 1983
Iodine (I) 0.017 1988
g, TEEA W ZUEE 2A AT T sl & A o] =AHTDS; Total Diet

Study)t= 924 *4% 2wl vy guow e -
5 ASRAES 24 ATEA 57 - FAAE, 9T,

= 2 v %(FSANZ, FSA, USA FDA, ¥ Canada) A7 Z}=po] 4

S F3sta Yt ol#ld TDS ARELS Codex ¥ o8] F7MEdE 71+=(0hH&
b st AL risk assessmentE FH 5] f8|A TDSO] AdE &8s = Stk
=Z7PEE g4 Aol AT TDSE 19609t 5B Aoz AAste] Haz e
2 O s B BAEES gdiste]l 2Abeta el AES A A=dl Al
Bovlolyel FlaE o st a, BARAEA I FFES B Eee] B
°f tho] 541, PCBs ¥ WA ZAF 58 o= A5, 4 9 Add 5 v
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Table 2. Maximum levels of heavy metals in food (Korea)

Maximum levels (mg/kg)

Heavy metals

Commodity
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Maximum levels (mg/kg)

Heavy
metals

Commodity

Table 2. Continued

3.0

IE
R

A}
B

I
uf-

2.0
150

BEA, A2HEAT

X

N

2E

0 Ak

EREERE

2E

ojn

71eh ol

i

—

<

0
Bo

A=
il

0.3
0.2

KK

e
X

7ﬂ

1.5
50
2.0

0.5

It=FH

4
Njo

IE

N

0.5

7}

’

A e

=i
=

A, 7HE

0.1

ol
&

0.2
0.2

It=FH

0.5

ol

;io

o 2

olo
<
Ho
=0

]

A
A=

0.5




Table 3. Maximum levels for heavy metals of various countries included
Codex, FDA, EU and Japan) in food

Heavy ) Maximum levels (mg/kg)
Commodity
metals Codex EU US FDA  Japan
4A%
i
21 & X #H(named vegetal oil) 0.1
% & %9 (named animal fat) 0.1
! 0.1
(G- ) (0.01)
A 05
As }\] OE.]
A87bsd AW B e 0.1
WA () 0.2
=
AA F =
(2§ 7 dx)
Minarine 0.1
Brassica vegetables 0.05
T+ 0.05
A 0.05 0.05
A A+ 0.2 0.2
T 0.1 0.2
At 0.1 0.1
TA T, AF A= 0.1
Stalk and stem vegetables 0.1 0.1
= 0.1 0.1
Cd 4 @)
e 0.2
A 05
o] 7+ 0.05-0.1
o e 200z, 7}
AAF, AF 28] A9) 1.0
A7 0.5
S
A7) &, A, dd, A 0.2
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Table 3. Continued

Heavy

Commodity
metals

Maximum levels (mg/kg)

Codex EU US FDA Japan

2 HA z

’

0.5

0.05

1.0

Cd o
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e
o
i\

1.0

o] F(Gemfish, orange roughy, rays,
all species of shark & #¢])

Gemfish, orange roughy, rays, all
species of shark %

o] 7435 (Anglerfish, marlin, pike, plain
bonito, 30| (BEE%), snake mackerel
or butterfish, sturgeon, swordfish,

Hg tuna 5 A<])

0.5

Anglerfish, marlin, pike, plain bonito,
Ao (R EZ), snake mackerel or

butterfish, sturgeon, swordfish, tuna &

of |7 (Aol B ol 7, heol i o
AT A9

0.5 0.4

1.0

Methyl

1.0

mercury
Fheheol) 2 v
SEERRLEE:

o 2 Agel)el

0.3
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Table 3. Continued

Heavy . Maximum levels (mg/kg)
Commodity
metals Codex EU US FDA  Japan
7 0.1 0.1
71e} 3 (berries and grapes) 0.2 0.2
5 (Pulses, Legumes) 0.2 0.2
A A+ 0.3 0.3
=5 0.2 0.2
A 0.2 0.2
<75 0.1
TF 0.1
A (G d9), A 1.0
Wil A EY 1.0
Table Olives 1.0
EUI=y 1.0
U 1.0
A W 1.0
70 Al 1.0
A Bo} 10
Pb N AV S 1.0
W ofzupEir A 1.0
N EnE 1.0
70 Fruit cocktail 1.0
N eHFE 1.0
78 Palmito 1.0
N A 1.0
70 Raspberries 1.0
L 1.0
M sE EvE 15
N7 0.05
2, % AL 7R AL 0.1 0.1
a2, WAL bR A87bs WE 05 0.5
a7l % bER A 0.1
nlol7k 0.1
A87bsd A B o 0.01
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Table 3. Continued
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A2Fd AR R LY

AldAIAE

oA ARERE BEE AR EaAlekes ]dstel ARESRSla, SR
Milli-Q ultrapure water purification system(Millipore Co., Boston, MA, USA)°l| ¢
182 MQ Fwo=z AHAAHE &L A&ttt Hg 54& H7FAIZEA] sodium
carbonate anhydrous(Nippon Instrument Co., Osaka, Japan)$ calcium hydroxide
(Nippon Instrument Co., Osaka, Japan)E 1:1(w/w)(M)Z &33F A3 aluminium
oxide anhydrous(Nippon Instrument Co., Osaka, Japan)(B)& 800Ca A 2A1 7t 7}<€
Aelste] AREEH. s AlES fE AFEE AR =i dskdTd
(KRISS, Korea)?] CRM(Certified Reference Material)¢l & 23} wji}g] B8 A}
LAt THE BEHS 98 dAeol A& nitric acid, sulfuric acid %
hydrogen peroxide(Dong Woo Fine Chem. Co. Ltd., Iksan, Korea)= X5+ EP-S+&
(electronic grade)E T Yokl A&stdtt. 2t 5% BT Y A2 Merck(Merck
KGaA, Darmstadt, Germany)A} A&EF& FYste] A&k al, Hg2  0.001%
L-cystein®H o2 Ph, Cd 2 Ase 2% HNO; &Aooz 3|M35le] gFEgHoz A}

Sttt



Table 4. Sampling types and numbers of tea

Type Group Number of Sample
Single tea A 10
Single leaching tea AS 10
Grain tea B 10
Grain leaching tea BS 10
Mixed tea C 10
Mixed leaching tea CS 10
Total 60
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A2 A AIEH

1. FolgaY F&BA7)o 93 &3z =4
=HlE AlEE AP gle] dAHF FH 3 Mercury analyzer(MA2, Nippon Instru-
ment Co., Japan)& AF&3te] 7}E7| s mol ¢ 7 (Combustion gold amalgamation

method) 2.2 Table 59 FZAo|A F&3taFs =439}

Table 5. Operating condition of mercury analyzer

Classification Heating condition Standard solution (10ng/mlL) Samples
Sample amount 50, 100, 150 uL 50 £+ 5 mg
Mode selector 1 2

1st step - -

2nd step 2 min(600C) 4 min(800C)
Additive Unnecessary M+S+M+B+M"
Washing liquid Distilled deionized water
Measuring range 20 ng
Combution gas flow 0.5 L/min
Carrier gas flow 0.5 L/min

"M : sodium carbonate anhydrous : calcium hydroxide = 1 : 1 (w/w)
B : aluminium oxide anhydrous
S © sample
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I
o2l

2. ICP-MSE °|&% 4, 7l=8 R ¥&2¥F

7h AlBAAE

Zhe, W R RlAe] BEAS S AR oF 1~2 g FAEE WY AeEd
A9 H3 HNO; 30 mLE &3 $ sonicator(Ultra sonic 420, Haw Shin,
Seoul, Korea)E& ©]&3lo] 80T 2XolA oF 2417 A% wESA]7|HA LA o
Wiksta 2~3 mLE Frhete]l AlRe AEgE Za7F Aol &4 digestion
blockoll A1 150 C=2 7438t dth 23 § HNOs; 10mL ¥ il thA] 7Fdske] Ul 45 o
o] w7 AlZtetH Ak HAabst A 2~3mLE FUEEIHA] Al 7hEste )

g0l MFA~FA FYL © Lo

iy

e AAFRENE BFE] NS AHgstel BHE AR A

B
- -1

M

=
K3

p
¢

= 9} T3 21S X387 $18) 2% HNOsgd o2 Phat Cde 0.1
mg/keg TEZ, Ast 1 mg/kg 5% 343+, Pb3 Cd2 0.25, 05, 1, 2, 5, 10,
25 ng/kg, Asv 10, 20, 50, 100 pg/kge] H =% ZT& RS Azt

2
olf
K
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ot ICP-MSE | &% T5& &% £4

M

N@EAE Table 69 =7 wal ICP-MS(ELAN 6100 DRC 1II, PerkinElmer,
USA)E AH&3le] A3 o, BlaE ArCl(m/z=75)° 23 H3S AAsE 7] ¢
3 DRC mode(Dynamic reaction cell)oll4] NH;3 gas®] flow rateg Zd3] Haf2l A}
E AAs A SATH26). HlA& FAHE 98] AFE&g 24 DRC mode®] NH; gas
flow rate™ 0.32 mL/min® 3to] =439 th(Figure 1).

Table 6. Operating condition of ICP-MS

Instrumental parameters

RF power 1300 W

Argon gas flow

Nebulizer 1.0-1.07 L/min
Auxillary 1.4 L/min
Plasma 17 L/min

Lens voltage 6.25 V

Sample uptake rate 0.24 mL/min

Spray chamber Cyclonic type

Torch Demountable

Interface cones Platinum

Quadrupole chamber 5 x 107 torr

Analyte As(75), Cd(114), Ph(208)

DRC parameters
Cell gas Ammonium (NH,)

Reaction gas flow 0.32 mL/min
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Homogenized sample

Digestion flask

- HNO;; SOmL

Heating

- Cooling

Clearness

- HNO;; 3 mL or HgOg 2 mL

Heating

- Cooling

ICP-MS

Figure 1. Wet analysis method of heavy metal in Tea

_20_



FFEH JFE B}

tod As, Cd % Pbé 3%

Hejs

e

S

1o

ol
G
o

!
i

Fg4e Yostel Ao

22|

I

299

o 4 0.05 mg/kg TE= FAT T A

A=

A (LOD, LOQ)

4. CRM9| 3s&3 HedAL BF

stk

& A

9] CRM
AR I(Cd 1.32 mg/ke, Pb 1.18 mg/kg,

-2

2

2(Cd 0.066 mg/kg, Pb 1.05

=]
RN

=1
=

As 202 mg/kg ¥ Hg 0.76 mg/kg)

mg/kg, As 0.07 mg/kg)S ©]

el

—_
file)

o

—_
fie)

o9 a4 Bt

wK

i

0T=E 10

-

B

O
Fe

A3 % (95th percentile) 413

—_
fie)

“

gk 2005

ol M AL
TAS 55kg(27)E ©l&3te] o]

el

|

—
fie)

,;Aﬂ
o
el
el
c
il

7Fat Aot

_21_



23471844 AFL Az 549 S HdEsle] As, Cd 2 Phe] TFELdS

AdgAo A 005 mg/kg, Hge 25 ng 352 ZA3 & Ago] TxLAS Av)

slo] HrlalA ¥ Almst FUaA A 04

489 Al oS TabledlAl Pbel 858&e tha o} 34
o

olf ® EFHA 10% <toll E3H o] U= Aor &

Table 7. Standard recovery test for analysis of heavy metals
(Unit: %)

Element As Cd Hg Pb

Standard solution  104.8+2.35" 100.3+0.56 98.2+0.05 91.7+£1.54

N Measurement value
Recovery (%) = x 100
Addition value

? Meanzstandard deviation, n=5
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A ¢ A ZFFA(LOD, LOQ)

N
@)
=
<
Lo,
Sot
>
o
N'E
HHN'

;0(

CRM< o] &3 HF 38 4TS 289 B4S5 Sl 33
A AT AR Y a5l dFE 7AA Fom, st b ejan #47]
71l Y& FA G M dirdo g AgE 1 9 4kl HNOsE AlE-3)
FHSFATH2R). I FE& FAE flte] JAFHEFT=EA EEE(As 2.02 mg/kg, Cd
1.32 mg/kg, Hg 0.76 mg/kg, Pb 1.18 mg/kg) % wug] &+ (As 0.07 mg/kg, Cd
0.066 mg/kg, Pb 1.05 mg/kg)S AH-&3 Ojﬁm] CRM= o|&3&to] 3sas 54, ¥

3

7}ste] Table 8% #2-& ﬁ“—°* Ak Bag 54 A A2 CRMelA = v
A 103.12%, 7F=F 98.49%, & 97.11%, F 93.05%°] 3 F&S HAIL, v
To] ek Hlsdt Ays vEbdllth 23 i a5 A= SAI0D) o 4

FHAI(LOQ)+= Table 98+ zFo] 2H<l¥ St

Table 8. Arsenic, Cadmium, Lead and Mercury recovery test of CRM (rice)
and CRM (water dropwort powder) by ICP-MS and Mercury Analyzer

Average found Recoveryl)

Element CRM (mg/kg) C.V? (%)
E%87 (mg/kg) (%) °
As 2.02+0.13”7 2.08+0.05" 103.12 2.25
Cd 1.32+0.24 1.3+0.03 98.49 2.55
Rice flour
Hg 0.76 0.74+0.02 97.11 2.23
Pb 1.18 1.09+0.03 93.05 2.98
Water As 0.07 0.07+0.01 105.71 5.81
dropwort cd 0.066 0.067+0.01 101.21 6.81
powder Pb 1.0 0.99+0.03 95.05 312

1 . .
Mean values obtained from five measurements

)

:3) Coefficient of variation = standard deviation / mean x 100 (n-5)

¥ The values after symol + are expanded uncertainties with 95% level of confidence
)

Y Mean+standard deviation, n=5
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Table 9. Detection limit of arsenic, cadmium, lead and mercury for ICP-MS
and Mercury Analyzer
(Unit : pg/kg)

Cd Pb As Hg
LOD 0.0022 0.0019 0.035 0.0013
LOQ 0.0074 0.0062 0.118 0.0043
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HEAT(CV)=
: 0.004~0.014, Pb :

=1
: 0.1563~0.423, Cd

= As

¥} Figure 2o Yepldo. 71 A3

: 0.005~0.011 [min-max mg/kgle 2 Chung(33)e] Z3}¢} 2=
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Mol A AIEA~3DS FABAL Skt e Szow Belstqrh Ha JRE

B3 3= 9 50-60%, 7t=F 30-40%9 TE55 AA =&

Nsase Bud v JowEs), 2 5 tRel he odBdd g ArE
%

1960t %t&%‘—lﬂ ZAATIE AAE ol F AE|FEAGAM 2000920 T
FE B ABRHAA, ST, B, AWA L %A 5), FEF, FUA, HAR
S

=2 T T2 FS 0.01-0.04 mg/ks, e IAEHE AT = 0.01
mg/kgo 2 FALE T H e o (39), deo A HEA 0.062 mg/kg, FE=AF
0.016 mg/kg, 2=k 0.022 mg/kg, A= 0.004 mg/kg, 713 0.008 mg/kgd] F+=o &

=3 ngor EAEAIL, AE(34)2> A 0.6-1.8 mg/kg, Onianwa(35)2] & =F
ANM= 050 mg/kg HE=HATL AT 7t=wS A=A 0016 mg'ke, F=2F 0.001
mg/kg, =22} 0.004 mg/kg, A= trace T2, AFE 0.001 mg/ked] HEFES
B, gFie tgise] ¢ ooz AFdvdn RuHAr. =9 HAS
ZTF(36)= 0.003 mg/kg, AE=(B7)E 0.001-0.029 mg/kgo = HlWA Y FFoF B

Ao Onianwa(35)9] &4Fe] 4% A2 =2 013 mg/kerT o2 HE4A
T BaE vk Qlvh 3, v A9 Y SR FA4 5 vlA&gEFe] 0.01 mg

Jkgr]etol o, ¢}t QlAHE 7u= <0.01-0.10 mg/kera= o &2 H 1 E I tH39).

oﬁo
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Table 10. Heavy metals content in single tea

(Unit * mg/kg!

Arsenic (As) Cadmium (Cd) Lead (Pb) Mercury (Hg)

Sample

2) 2) 2) 2)
mean S.D.V C(;Z) mean S.D.V C(;Z) mean S.D.V C(;Z) mean S.D./Y C('%')

A-1 0.362  0.0099 2.75 0.012  0.0006 5.24 0.114  0.0072 6.26 0.011 00013 12.15

A-2 0.355  0.0093 2.63 0.011  0.0012  11.05 0.139  0.0092 6.61 0.009  0.0007 2

A-3 0.326 0.007 2.15 0.009  0.0006 3.77 0.122  0.0071 5.8 0.010  0.0012 3.62

A-4 0374  0.0074 1.99 0.011  0.0016 13.7 0.090  0.0062 6.9 0.010 0.001 12.35

A-5 0361  0.0093 2.56 0.005  0.0005 9.73 0.075 0.002 2.69 0.009  0.0009  10.83

A-6 0.349  0.0027 0.79 0.004 0.006 13.32 0.099 0.004 4.04 0.009  0.0006  10.12

A-T 0319  0.0075 2.34 0.009 0.006 6.66 0.073  0.0015 2.04 0.010  0.0007 2.89

A-8 0.153  0.0013 0.87 0.013 0.001 8.04 0.129  0.0129 9.9 0.007  0.0006 2.9

A-9 0.423  0.0121 2.85 0.014  0.0009 6.58 0.144 0.008 5.58 0.008  0.0006 7.93

A-10 0326  0.0126 3.88 0.011  0.0007 6.25 0.107  0.0076 7.06 0.000  0.0006  10.83

l) Standard deviation
? Coefficient of variation = standard deviation/mean x 100 (n-3)
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Figure 2. Heavy metal contents by ICP-MS in single tea
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Table 11. Heavy metals content in grain tea

(Unit © mg/kg!

Arsenic (As) Cadmium (Cd) Lead (Pb) Mercury (Hg)
Sample

’ Mean S.D.V C(';Z')Z) Mean S.D.V C(';Z')Z) Mean S.D. C(';Z')Z) Mean S$.D." C(‘%')Z)
B-1 0.159  0.0039 243 0.034  0.0027 8.02 0.056  0.0044 7.8 0.004  0.0006 5.6
B-2 0.135 0.006 4.49 0.025  0.0021 8.65 0.041  0.0013 3.21 0.005  0.0006 1143
B-3 0.150  0.0065 4.36 0.012  0.0011 8.98 0.063  0.0046 7.31 0.006  0.0008 1253
B-4 0.108  0.0056 5.15 0.013 0.001 7.73 0.069 0.003 4.36 0.004  0.0005 7.19
B-5 0.137  0.0051 3.7 0.013  0.0009 6.63 0.048  0.0026 5.3 0.009  0.0006 2.1
B-6 0.409  0.0215 5.25 0.012 0.001 84 0.047  0.0041 8.6 0.008  0.0006 7.53
B-7 0.357 0.005 1.41 0.008 0.001 12.63 0.103  0.0086 8.39 0.006  0.0006  10.19
B-8 0.214  0.0077 361 0.039  0.0021 5.29 0.042  0.0032 7.63 0.009  0.0006 6.66
B-9 0.209 0.004 1.92 0.016 0.001 6.25 0.019  0.0014 7.43 0.010  0.0006 5.59
B-10 0.179  0.0047 2.64 0.006  0.0006 9.81 0.021 0.002 9.42 0.003  0.0005 5.97

}) Standard deviation

? Coefficient of variation = standard deviation/mean x 100 (n-3)
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Figure 3. Heavy metal contents by ICP-MS in grain tea
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Table 12. Heavy metals content in mixed tea

(Unit : mg/kg!

Arsenic (As) Cadmium (Cd) Lead (Pb) Mercury (Hg)

Sample

2) 2) 2) 2)
Mean S.D.V C(;Z) Mean S.D.V C(;Z) Mean S.D.V C(;Z) Mean S.D.Y C('%')

C-1 0.416  0.0172 4.14 0.011  0.0014  13.09 0.083  0.0045 5.35 0.012  0.0007 0.64

C-2 0.298  0.0064 2.16 0.015  0.0014 9.46 0.123  0.0063 5.13 0.010  0.0006 0.88

C-3 0375 0.0091 2.44 0.015  0.0008 5.34 0.062  0.0035 5.69 0.011  0.0007 6.65

C-4 0.355  0.0098 2.76 0.029 0.001 3.58 0.309  0.0074 2.38 0.013  0.0011 8.23

C-5 0.359  0.0067 1.86 0.026  0.0016 6.40 0.084  0.0016 1.88 0.009  0.0006 6.46

C-6 0.223  0.0113 5.04 0.041  0.0035 8.54 0.071  0.0012 1.75 0.008  0.0005 2.3

C-7 0.335  0.0089 2.66 0.079  0.0025 3.21 0.233  0.0103 4.4 0.011  0.0007 6.6

C-8 0.324  0.0058 1.79 0.074 0.001 1.39 0.208  0.0106 5.09 0.011  0.0005 2.02

C-9 0.197  0.0035 1.78 0.028 0.001 3.60 0.156  0.0035 2.17 0.005  0.0005 9.27

C-10 0.198  0.0035 177 0.076  0.0017 2.25 0.051  0.0014 2.92 0.006  0.0005 6.28

l) Standard deviation
Y Coefficient of variation = standard deviation/mean x 100 (n-3)
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Figure 4. Heavy metal contents by ICP-MS in mixed tea
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Table 13. Heavy metals content in leaching sample of single tea

(Unit : mg/kg!

Arsenic (As) Cadmium (Cd) Lead (Pb) Mercury (Hg)

Sample

2) 2) 2) 2)
Mean S.D.V C(;Z) Mean S.D.V C(;Z) Mean S.D.V C(;Z) Mean S.D.Y C('%')

AS-1 0.187  0.0027 147 0.003  0.0005 1.95 0.026 0.002 7.51 N.D.” - -
AS-2 0.181  0.0054 3.02 0.002  0.0006  13.48 0.028  0.0011 4.02 N.D. - -
AS-3 0.155  0.0026 1.68 0.002  0.0005 8.25 0.048 0.003 6.25 N.D. - -
AS-4 0.101  0.0015 1.53 0.003  0.0005 8.3 0.018  0.0015 8.18 N.D. - -
AS-5 0.095  0.0009 0.97 0.002  0.0006 9.62 0.017  0.0012 712 N.D. - -
AS-6 0.073  0.0011 147 0.001  0.0006  22.05 0.015  0.0014 9.22 N.D. - -
AS-7 0.074  0.0057 7.76 0.001  0.0006  22.59 0.009  0.0011 1241 N.D. - -
AS-8 0.006  0.0005 8.11 0.002  0.0005 5.59 0.026  0.0022 8.5 N.D. - -
AS-9 0.1 0.003 3.04 0.006  0.0007 9.87 0.052 0.003 5.76 N.D. - -

AS-10  0.053  0.0034 6.41 0.002  0.0006  20.76 0.024  0.0023 9.75 N.D. - -

1D [P

,, Standard deviation

*" Coefficient of variation = standard deviation/mean x 100 (n-3)
¥ N.D.: Not detected (Cd, Hg : lower than 0.1 ug/kg)
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Figure 5. Heavy metal contents by ICP-MS in leaching sample of single tea
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Table 14. Heavy meatals content in leaching sample of grain tea

(Unit © mg/kg!

Arsenic (As) Cadmium (Cd) Lead (Pb) Mercury (Hg)

Sample

2) 2) 2) 2)
Mean S.D.V C(;Z) Mean S.D.V C(;Z) Mean S.D.V C(;Z) Mean S.D.Y C('%')

BS-1 0.094  0.0082 8.78 0.005  0.0005  10.29 0.047  0.0042 8.9 N.D. - -
BS-2 0.084  0.0083 9.87 0.006  0.0005 2.7 0.033  0.0018 5.53 N.D. - -
BS-3 0.070  0.0025 3.63 0.008  0.0008 9.75 0.046 0.001 2.28 N.D. - -
BS-4 0.052  0.0025 4.86 0.005  0.0005 8.96 0.052  0.0009 1.79 N.D. - -
BS-5 0.101  0.0056 5.54 0.005  0.0005 4.18 0.034  0.0024 7.02 N.D. - -
BS-6 0.125  0.0068 5.41 0.003  0.0006 7.51 0.018  0.0012 6.52 N.D. - -
BS-7 0.123  0.0044 3.56 N.DY - - 0.017  0.0017 9.78 N.D. - -
BS-8 0.119  0.0037 3.13 0.015  0.0014 8.98 0.013  0.0011 8.09 N.D. - -
BS-9 0.15 0.0063 4.2 0.012  0.0009 7.35 0.023 0.002 8.85 N.D. - -

BS-10 0.119 0.003 2.56 0.003  0.0005 9.44 0.027  0.0015 5.78 N.D. - -

1D [P

,, Standard deviation

*" Coefficient of variation = standard deviation/mean x 100 (n-3)
¥ N.D.: Not detected (Cd, Hg : lower than 0.1 ug/kg)
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Figure 6. Heavy metal contents by ICP-MS in leaching sample of grain tea
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Table 15. Heavy metals content in leaching sample of mixed tea

(Unit * mg/kg, vg/kg’)

Arsenic (As) Cadmium (Cd) Lead (Pb) Mercury (Hg)

Sample 2 2) 2) 2)

Mean S.D.V C(;Z) Mean S.D. C(;Z) Mean S.D.V C(;Z) Mean S.D." C(‘%')
Cs-1 0.169 0.004 2.38 0.007 0.0005 8.25 0.027 0.0009 3.27 ND? - -
CS-2 0.124 0.0061 494 0.005 0.0005 7.93 0.038 0.0011 2.87 N.D. - -
CS-3 0.15 0.0021 1.43 0.004 0.0005 6.53 0.030 0.001 3.30 N.D. - -
CsS4 0.132 0.001 0.76 0.004 0.0005 4.69 0.042 0.0011 2.59 N.D. - -
CS-5 0.13 0.0047 3.65 0.003 0.0005 6.34 0.026 0.0017 6.39 N.D. - -
CS-6 0.122 0.0036 2.92 0.017 0.0006 3.52 0.025 0.0006 2.27 N.D. - -
CS-7 0.13 0.003 2.31 0.025 0.0017 6.64 0.035 0.0023 6.41 N.D. - -
CS-8 0.106 0.005 474 0.012 0.0009 7.17 0.029 0.0008 2.86 N.D. - -
CS-9 0.151 0.0036 2.36 0.017 0.0005 3.16 0.048 0.0023 4.79 0.367 0.208 56.77
CsS-10 0.115 0.0062 5.35 0.01 0.0008 7.46 0.033 0.0017 5.06 N.D. - -

l) Standard deviation

®" Coefficient of variation = standard deviation/mean x 100 (n-3)
¥ N.D.: Not detected (Hg : lower than 0.1 upg/kg)
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Figure 7. Heavy metal contents by ICP-MS in leaching sample of mixed tea
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Table 16. Range and mean values of heavy metals in tea

(unit : mg/kg)

S | No. Heavy Mean Maximum Minimum Standard
ampie of sample metal value value value deviation
As 0.335 0.423 0.153 0.071
) Cd 0.01 0.014 0.004 0.003
Single tea 10
Hg 0.009 0.011 0.005 0.002
Pb 0.109 0.144 0.073 0.025
As 0.102 0.187 0.006 0.057
Single tea " cd 0.003 0.006 0.001 0.001
(leaching n
Pb 0.026 0.052 0.009 0.014
As 0.206 0.409 0.108 0.1
) Cd 0.018 0.039 0.006 0.011
Grain tea 10
Hg 0.006 0.01 0.003 0.002
Pb 0.051 0.103 0.019 0.024
As 0.104 0.15 0.052 0.029
Grain tea 10 Cd 0.006 0.015 N.D. 0.005
(leaching
Pb 0.031 0.052 0.013 0.014
As 0.308 0.416 0.197 0.077
) Cd 0.039 0.079 0.011 0.027
Mixed tea 10
Hg 0.01 0.013 0.005 0.003
Pb 0.138 0.309 0.051 0.087
As 0.133 0.169 0.106 0.019
Mixed tea 10 Cd 0.01 0.025 0.003 0.007
(leaching
Pb 0.033 0.048 0.025 0.008
As 0.198 0.423 0.006 0.059
Cd 0.014 0.079 N.D. 0.009
Total 60
Hg 0.004 0.013 N.D. 0.001
Pb 0.065 0.309 0.009 0.028

P N.D.: Not detected (Hg : lower than 0.1 pg/kg).
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Figure 8. The content of heavy metals for profiles in tea
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Table 17. Estimated Daily Intake to heavy metals of Korean

Daily . .
Levels Food intake intake of heavy Estimated intake Ratio to PTWI
D of heavy metals o
‘ Heavy (ug/g) (g/day) metals (ug/kg bw? /day) (%)
Commodity metals (ug/person/day)
Mean Maximum Mean 95th. 3) n 95th. Mean 95th. Mean 95th.
percentile percentile percentile percentile
Total As” 0335 0.423 0.034 0.423 0.001 0.008 <0.01 0.05
Cd 0.010 0.014 0.001 0.014 <0.001  <0.001  <0.01 <0.01
Single tea 019 1.0
Pb 0.109 0.144 0.011 0.144 <0.001 0.003 <0.01 0.01
Hg 0.009 0.011 0.001 0.011 <0.001 <0.001 <0.000 <0.001
Total As  0.102 0.187 0.367 6.732 0.007 0.122 0.05 0.82
) Cd 0.003 0.006 0.011 0.216 <0.001 0.004 <0.01 0.06
Single tea 7
) 3.6 36.0
(leaching) Pb 0.026 0.052 0.094 1.872 0.002 0.034 0.01 0.14
Hg <0.001”  <0.001 0.004 0.036 <0.001 0.001  <0.001 0.01

Y It was applied database of Reference, ? Mean body weight for Korean popu_lation : 55 kg, ¥ 95th percentile was applied 10 times
of food intake, ¥ The PTWI of As was 15ug/kg bw/week(inorganic arsenic), Nt was means lower than limit of detection(LOD)

¥ Mixed tea with green tea and

6
)

For food intake was "0.0”, it was applied minimum intake(0.1g/day), ? Green tea beverage,

unpolished rice
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Table 17. Continued

Daily Estimated intake
Levels Food intake intake of heavy of heavy metals Ratio to PTWI
‘ Heavy (mg/kg) (g/day)” metals (mg/kg bw? (%)
Commodity metals (mg/person/day) /day)
Mean Maximum Mean 95th. 3y Mean 95th. Mean 95th. Mean 95th.
percentile percentile percentile percentile
Total As” 0.206 0.409 0.021 0.409  <0.001 0.007 <0.01 0.05
Cd 0.018 0.039 0.002 0.039  <0.001 0.001 <0.01 0.01
Grain tea 0.1 ° 1.0
Pb 0.051 0.103 0.005 0.103  <0.001 0.002 <0.01 0.01
Hg 0.006 0.010 0.001 0.010 <0.001 <0.001 <0.01 <0.01
Total As  0.104 0.150 0.010 0.150  <0.001 0.003 <0.01 0.02
. Cd 0.006 0.015 0.001 0015 <0.001 <0.001 <0.01 <0.01
Grain tea 01 ° 10
(leaching)  py, 0031 0052 0003 0052 <0001 0001 <00l <001
Hg <0.001”  <0.001 <0.001 <0.001 <0.001 <0.001 <001 <0.01

2

Y1t was applied database of Reference, ' Mean body weight for Korean population : 55 kg, ¥ 95th percentile was applied 10 times

of food intake, Y The PTWI of As was 15¢g/kg bw/week(inorganic arsenic), 5)It was means lower than limit of detection(LOD), o

8)

For food intake was "0.0”, it was applied minimum intake(0.1g/day), ? Green tea beverage, Mixed tea with green tea and

unpolished rice
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Table 17. Continued

Daily Estimated intake
Levels Food intake intake of heavy of heavy metals Ratio to PTWI
‘ Heavy (mg/kg) (g/day)? metals (mg/kg bw? (%)
Commodity metals (mg/person/day) /day)
Mean Maximum Mean 95th. 3y Mean 95th. Mean 95th. Mean 95th.
percentile percentile percentile percentile
Total As”  0.308 0.416 0.031 0.416 0.001 0.008 <0.01 0.05
Cd 0.039 0.079 0.004 0.079 <0.001 0.001 <0.01 0.02
Mixed tea 0.1 % 1.0
Pb 0.138 0.309 0.014 0.309 <0.001 0.006 <0.01 0.02
Hg 0.010 0.013 0.001 0.013 <0.001 <0.001 <0.01 <0.01
Total As  0.133 0.169 0.013 0.169 <0.001 0.003 <0.01 0.02
. Cd 0.010 0.025 0.001 0.025 <0.001 0.001 <0.01 0.01
Mixed tea 01 © 10
(leaching)  py 0033  0.048 0003 0048 <0001 0001 <00l <001
Hg <0.001°  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

V1t was applied database of Reference, ? Mean body weight for Korean population : 55 kg, ¥ 95th percentile was applied 10 times
of food intake, ¥ The PTWI of As was 15ug/kg bw/week(inorganic arsenic), Nt was means lower than limit of detection(LOD),
For food intake was "0.0”, it was applied minimum intake(0.1g/day), ? Green tea beverage, ¥ Mixed tea with green tea and

unpolished rice
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