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Trace Metal Contents in Tea Products and Their Safety Evaluations

So-Young Chung*, Jung Soo Kim, Eun Jeong Kim, Sung Kug Park,
Meehye Kim, Mooki Hong, Myung Chul Kim and Jong Ok Lee
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This study was conducted to estimate the contents of heavy metals in tea products (n=200) and to provide a
scientific basis for standardization of heavy metals in the Korea Food Code. The contents of mercury (Hg), lead
(Pb), cadmium (Cd), arsenic (As), copper (Cu), manganese (Mn), zinc (Zn), and aluminium (Al) were determined
using a mercury analyzer, an AAS (atomic absorption spectrophotometer), and ICP (inductively coupled plasma
spectrometer). The values of heavy metals in tea products were [minimum~maximum (mean), mg/kg] Hg:
N.D.~0.02 (0.003), Pb: N.D.~0.35 (0.03), Cd: N.D.~0.07 (0.007), As: N.D.~0.19 (0.006), Cu: N.D.~24.41 (2.73), Mn:
N.D.~767.88 (66.91), Zn: N.D.~18.60 (4.54), Al: N.D.~1304.30 (85.53). These results showed that metal contents in
tea products in our markets were similar to those reported in other countries. The average weekly intakes of
lead, cadmium, and mercury from tea products were 0.1~0.2% of PTWI (Provisional Tolerable Weekly Intake)
that the JECFA (Joint FAO/WHO Expert Committee on Food Additives) has set to evaluate their safeties.

Keywords: tea products, heavy metals, safety

M B

AAAEle] gez AAHA AFs £ HEE ¢
g i o2 A BAHeF 53 oY 7/ FEE =
2 A% HE, 3, = B EY T 2490l 4= M
upe} A A olHF FES =5d APl AR A

]—/ 011:],(1)

WHOe 9atd =7P7182 S8534 22 540 e 3
gtedo] A% AT FELE B Hevhe 3
& BAs] Fojofd o HYo] lem ofuf 95 o
€ HolE B8 HFHe SHEHY ¢S dLHAEF

(ADDeIYV 4 F7A 3 & HPTWDF vw 243o2x
7Vesim web o) sstEde] ddH :m&Fo| ADIY
PTWIATH Sl ehdsits @ 4 oz siche, =3
Codexo|H = HEFo] 2HEHo] EAToEZRN A4 +
= A7EAC) dg HhE d) feiMe AEHA 4o A

@) ADIM PTWIE @4 =AE F4 3o} gt st

*Corresponding author : So-Young Chung, Department of Food
Evaluation, Korea Food and Drug Administration, 5 Nokbun-dong,
Eunpyung-gu, Seoul 122-704, Korea

Tel: 82-2-380-1672

Fax: 82-2-382-4892

E-mail: sychung @kfda.go.kr

812

Ao, el e ABREAAA A FYnd
QoA 1985~1991974A] o] - T F, 1992~19967HA] 52t

E 19999 BFo| g 235 % ZUEY AEe
sl AT o 2Ry HIAHE =FEUYS =59 ADIV

PTWISH 5L %712 stgont HEFAC) F20) sl

A= OF E MEAZ gd 2UHY REE 79 Qe
Ao+,

A & Aelde gdRAEe] § 5 e 35T
g A, Ut 2 9= RUEY, Ve vag
oM kg Wrksle o ARE FF FIE Ve A
MAA etz 2AAER E8staat skt

ME ¥ e

Mz W Al

Sl fFEEHv= AESAS 2 green tea), B}
(roasted barley tea), -+-F-XHoolong tea), SXH(black tea), 2
A R} (cassiae semen tea), F--AFAH(malvae semen tea), &=
@ 2H(Solomon’s seal tea), 7| =X (mixture of green tea and
roasted brown rice)] 807, FFZXH& A arrowroot tea), A7d=F
(ginger tea), 243 XH(herb tonic tea), WA XHGanoderma luci-
dum tea), 5 2HGujube tea), 71 A2H(Boxthron tea), #l&-%
Z}(lemon black tea), 44 $-FZ}(oolong tea), WA T2}



Table 1. Classes and types of tea products for the study
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Class of tea product

Type (n)

Soaked tea” (80)

green tea (20), roasted barley tea (6), oolong tea (8), black tea (16), cassiae semen tea (4), malvae semen tea (8),
Solomon’s seal tea (10), mixture of green tea and roasted brown rice (8)

Solid extracted tea" -arrowroot tea (4), ginger tea (4), herb tonic tea (6), Ganoderma lucidum tea (4),

Extracted tea (40)

jujube tea (4), Boxthorn tea (6), lemon black tea (4)

Liquid extracted tea -oolong tea (4), black tea (4)

Powdered tea® (20)

powdered green tea (6), peanut tea (6), Job’s tears tea (4), mugwort tea (4)

Fruits tea (20)

powdered citron tea” (6), powdered lemon tea® (4), liquid citron tea (6), liquid plum tea (4)

Coffee (40)

roasted coffee” (10), instant coffee” (10), formulated coffee” (10), liquid coffee (10)

PSolid samples; others are liquid samples.

Table 2. The operating condition of mercury analyzer

Classification Heating condition Standard solution (10 ng/mL) Samples
Sample amount 50, 100, 200 uL. 30~50 mg
Mode selector 1 2
Ist step 1 min 10 min
2nd step 4 min 6 min
Additive Unnecessary M+S+M+B+M or B+S+B+M"?
Washing liquid Distilled deionized water
Measuring range 2ng
Combustion gas flow 0.5 L/min
Carrier gas flow 0.5 L/min

PM: sodium carbonate (anhydrous):calcium hydroxide=1
PSolid sample: M+S+M+B+M; liquid sample: B+S+B+M.

(black tea)] 4071, ELAH7F52H(powdered green tea), "3F
ZHpeanut tea), &F-ZHJob’s tears tea), % XH(mugwort tea))
2071, AAHEY FAExH(powdered citron tea), #%X}(lemon
tea), A F-RFxKliquid citron tea), "4 X}(liquid plum tea)]
207, A [FFA (roasted coffee), S1~E1E AT (instant cof-
fee), ZA7 ¥ (formulated coffee), 74713 (liquid coffee)] 40
1 5 R T 200712 AFAME, AU, YR, 23

e, A - 5, dad - 559 AR, Zoil Sl
TY 3t Alii AF% 35 THTable 1).

Hg 5788 H7H=2*] sodium carbonate anhydrous(Nippon
Instrument Co., Osaka, Japan)®} calcium hydroxide(Nippon
Instrument Co., Osaka, Japan)Z 1:1(ww)E Eg3 A3
aluminium oxide anhydrous(Nippon Instrument Co., Osaka,
Japan)E 800°COllX] 2417} 7HAA @ 3te] ALgaoith. Tas
EFEHS AAE 4R S BFY N (Wako Pure Chemical
Industry Ltd., Osaka, Japan)& A}23led Hge 0.001% L-
cysteine NS E, As= 02% HNO, Pb> 02% HNO,,
Cd, Cu, Mn, Zn, AR 3% HNO, &90= 3)xsle] Alga}
Ak 1 9o sulfuric acid(Dong Woo Fine. Chem. Co.
Ltd., Tksan) ¥ nitric acid(Dong Woo Fine Chem. Co. Ltd.,
ksan)S AR&-SIiTh 42 e 71271 3hgold 7 (Com-
bustion gold amalgamation method)'ol] €] 7] &} Mercury
analyzer(Model SP-3D, Nippon Instrument Co., Japan)E A}
83t Table 29] 2ollM EASIT & & H& FFS
AAS(Model 5100 ZL, Model FIAS 400, Perkin Elmer Co.,

: 1 (w/w), B: aluminium oxide, S: sample.

USAYE o431, J1=F, 78], 97, ok, 45w o=
€ ICP(Model XM2, GBC Co., Austraha)z o]8-3}o] Table
39] 2Ad wt 439

AMEEY =X

AR oF 20gHdd AFol= 100gg HMA =ik 5
mL, 34t smLE ZegEehszol Yol sk WXg & 7P
P dAk 2~3mLE F7)

Qspel gEo] o] 7] A%

SN FEE A%l WEEol WBA- o] HIE 1)
PolE B9 5 FRSE AYFOR o] NFgAos A}

AT

582 A8 204F shbE Addete] A &Aoo F
% =7} Hg2 50 ug/kg, Pb, Ase= 0.1 mgkg, Cd, Cu
0.2mg/kg, Mn, Zn, AR 2mgkg HEE EFEEAE H7ts)
o A9} s whHo =z Ast T 24k

EMXM T 22| (Analytical Quality Assurance: AQA)

BAAI] sk A B AFng FAHoz ol
71 918 20009 % WHO®] w4 A =de] 237
Al G FHSARIEFER-Ministry of Agriculture, Fisheries
and Food: MAFF)®] CSL(Central Science Laboratory) Food
Science Laboratoryol|4] £%93h= FAPAS(Food Analysis Per-
formance Assessment Scheme) =A|1A =38 Lz 19
it em i, HlA 5 Fad B4 o E45ge
g A3 §- AT,

P o
3 dH S
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Table 3. The operating conditions of ICP and AAS

ICP AAS
Classification Condition Element Classification Condition
Wavelength (nm) Pb? Wavelength (nm) 2833
Cd: 214.438 Low slit (nm) 0.7
Cu: 324.754 Temperature (°C)
Mn: 260.569 pyrolysis 900
Zn: 213.856 atomization 11600
Al: 396.152 As? Wavelength (nm) 193.7
Sample gas flow (L/min) 0.5 Cell temperature (°C) 900
Plasma gas flow (L/min) 110 Carrier gas flow (L/min) 50
Auxiliary gas flow (L/min) 09

“Chemical modifier: NH,H,PO, 0.05 mg+Mg(NO,), 0.003 mg.

PReductant: 0.4% NaBH, in 0.05% NaOH, carrier solution: 10%(v/v) HCL

23 % 1

il*g
Z} F&9 3L Table 49 2ow FEE HF 88%,
W, Hl&, FI=E, W o, ¢FuELS 90~95%, ¢o&

98%=. JEPStTE

CiR & S35 8%

AEAHFAE, Bzl 9-82F, &}, d9¥ARL, s Ak, 5
ZU A, Avisah 807, FE3F 4070, BT 207, A
207, A9 407 5 tR F 2007 A FL, o, HA,
7t=®, T8, U7 ok, ¢Fvwe] §EHY 2 HIEXe
Table 58} 7o)

UF 72 52 g3 JEx= 8495-~0.0200.006) mg/
kg, &3+ E7£-0.0020.001) mgkg, ETAE 0.001~
0.004(0.001) mg/kg, FAx= E4E~0.002(0.001) mg/kg, 7]
e E742-~0.004(0.001) mgkgl 2 U o & F
& HATFE 0.003 mghkgl 2 VERITH RG] =3}
& &FE 0.01~0.04 mgkg, TA JASHEAT F £
Fe 001 mghkgeE BRIEYTh

R 52 ¢ 382 I&As E4£~0350.062) mg/
kg, $E3= EAE-~0.0600.016) mgkg, ELAE EHE~
0.12(0.022) mg/kg, FHX= BHE~0.03(0.004) mgkg, 717
£ ERE-0.07(0.008) mghkge 2 $uEle) i £ ¢ 3
AAFE 0.03 mghkgl E ettt 954 e, A T ¢
e 5= 001 mgkg, A= 0.005 mgkg, A=
£ 0.02~0.23 mg/kg, Nigeria®& 030 mghkgl & BT
JEM) =al F F FE 0.6~1.8 mgkgolA2H, Nige-
na®9 3} £ ¢ FFE 050 mgkeglE RLHIUTH

o T8R4 7I=F ¥ A&+ 0.001~0.07(0.016) mg/
kg, &35 EHE~00050001) mgks, L= BHE
~0.01(0.004) mg/kg, 2= B7E~0.003(0.0002) mgkg, 71
e B72~0.00400.001) mgkgo 2 $2ugle] o F 7l=
B BETHE 0007 mghgS 2 VERT 279 39, A
Z = FTL IFOE 0003 mgkg, AEPE 0001
~0.029 mg/kg, Nigeria®%= 0.14 mghkgl 2 R I3} 3, Nige-
fa®¢] B3} F 7l=F FF 013 mghkgo 2 BT

flo of¥

Table 4. Recovery of the heavy metals in tea products

Element Recovery (%)?
Hg 98425
Pb 90t5.1
As 92145
Cd 90+4.3
Cu 88%6.5
Mn 95136
Zn 93+4.1
Al 92+35

Dp=10.

OF $72 VA e A= BEFE~0.190.013) mg/
kg, F&3E B7E-~0010.001) mgkg, ¥ZA= BHE
~0.01(0.003) mg/kg, 3= E7E~0.004(0.0005) mgrkg, 7
e E24%~0.0050.001) mgkgl 2 ke oy F W
& BAFFFE 0006 mgkgS 2 UERTH dBY] =3} F
v A e 001 mgkg ¥IT FA9 ALHEAT F H[4
L <0.01~0.10 mg/kg .2 BT

0% 252 78 g3 FE3= 0.004~24.41(5.257) mg/
kg, 23k E722~0.51(0.066) mg/kg, EEA= 0.285~4.10
(1.622) mg/kg, A EHE~1.16(0.132) mgkg, A¥= B
AE~997(2.174) mgkgl & euiete] thy 5 T2 Had
Fe 273 mgkel B UERTE QlEe] AFY® F 7y FF
2 04~16.0 mg/kg, Nigeria®9] #A¥e} T3} 5 8] TFS
747} 4.8 mg/kg, 107 mghkgl 2 BRI or JR®9] =i}
Z 79 ¥ 2226 mghkgl B RIAFHAT.

Of Y U 2 AEXE 0.797~767.88(160.263)
mgkg, FE3E BHE~6.78(1.691) mgkg, L= 1.009~
166.47(13.364) mg/kg, FAXHE 0.001~1.03(0.328) mgkg, 7
o 0.01~16.87(5479) mghkgl 2 vt oF F 47t
BATHE 6691 mgkgS2 Yelth 2HR109 AYgSZ
2 F W7 HadEe 6.8 mgkglE HIEHICH

R 25 ofd e IAEAE 0.247~18.60(9.723) mg/
kg, +E=3= E71E~7.040.892) mg/kg, U= 0.441~5.53
(2.599) mg/kg, FAAE E7HZE~19000.368) mgkg, M=
0.109~2.75(0.855) mgkgo. 2 -] i F o}d Ha



Table 5. Contents of heavy metals in tea products in Korea
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(unit: mg/kg)

Sample No. of sample Metal Mean value Standard deviation ~Minimum value ~ Maximum value
Hg 0.006 0.004 N.D.” 0.02
Pb 0.062 0.085 ND. 035
cd 0.016 0015 0.001 0.07
As 0.013 0.023 ND. 0.19
dt
Soaked tea 80 Cu 5257 4627 0.004 2441
Mn 160.263 162.245 0.797 767.88
Zn 9.723 3.616 0.247 18.60
Al 185.334 246.770 8.622 1304.30
He 0.001 0.0004 N.D. 0.002
Pb 0016 0018 ND. 0.06
cd 0.001 0.001 ND. 0.005
As 0.001 0.001 ND. 0.01
Extract
xiracted tea 40 Cu 0.066 0.114 ND. 051
Mn 1.691 1582 ND. 6.78
Zn 0.892 1544 ND. 7.04
Al 5.028 6.419 0.132 26.96
Heg 0.001 0.001 0.001 0.004
Pb 0.022 0.028 ND. 0.12
cd 0.004 0.003 ND. 001
As 0.003 0.002 ND. 0.01
Powdered t
owdered tea 20 Cu 1622 1334 0.285 410
Mn 13.364 36.304 1.009 166.47
Zn 2.599 1375 0441 553
Al 63.699 41.235 20.365 124 64
Hg 0.001 0.0004 ND. 0.002
Pb 0.004 0.009 ND. 0.03
cd 0.0002 0.001 ND. 0.003
Fruts e 2 As 0.0005 0.001 ND. 0.004
Cu 0.132 0.265 ND. 1.16
Mn 0328 0363 0.001 1.03
Zn 0.368 0473 ND. 1.90
Al 3.038 2,661 0.093 736
He 0.001 0.001 ND. 0.004
Pb 0.008 0.013 ND. 007
cd 0.001 0.001 ND. 0.004
As 0.001 0.001 N.D. 0.005
Coffee 40 Cu 2174 3773 ND. 9.97
Mn 5479 5280 0.010 16.87
Zn 0.855 0.731 0.109 275
Al 18.562 20812 ND. 72.15
Hg 0.003 0.004 ND. 0.02
Pb 0.032 0.061 ND. 035
cd 0.007 0.012 ND. 007
As 0.006 0.016 ND. 0.19
T
otal 200 Cu 2726 4041 ND. 24.41
Mn 66.909 128.192 ND. 767.88
Zn 4535 4929 ND. 18.60
Al 85.525 177.118 N.D. 130430

UN.D.: Not detected (Hg, Cu: lower than 0.5 pg/kg, Pb, Mn, Zn, Al: lower than 1 pg/kg, Cd, As: lower than 0.1 pg/kg).
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2 454 mghkgS 2 UERTE QIEe] AM®@ ol §
2.4~8.9 mg/kg, Nigeria®2] A¥|e} T2} F oA TF
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& 747} 107 mg/kg, 20.0 mgkgS 2 RS
GFuF FFS FESAE 8.622~1304.30
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Table 6. Average intakes of heavy metals from tea products

Mean concentration Total weekly intake PTWI®®
(mg/kg) (ug/kg body weight) (ug/kg body weight)

Hg 0.003 0.004 50

Pb 0.03 0.043 25.0

Cd 0.007 0.010 7.0

As (Total As) 0.006 0.009 15.0°

Cu 273 3.89 3500%

Mn 66.91 95.24 -

Zn 4.54 6.46 7000°

Al 85.53 121.74 7000

UJECFA established 15 pg/kg body weight for PTWI of inorganic arsenic.

PJECFA reestablished 500 pg/kg body weight for PMDI (Provisional Maximum Daily Intake) of Cu.
YJECFA reestablished 1000 pg/kg body weight for PMTDI (Provisional Maximum Tolerable Daily Intake) of Zn.

(185.334) mgkg, FE3= 0.132~26.96(5.028) mg/kg, L3}
= 20.365~124.64(63.699) mg/kg, 2= 0.093~7.36(3.038)
mglkg, AME BEHE~72.15(18.562) mgkgl 2 $-EutEle]
OF 5 ¢FvE BH4TFL 8553 mghkegl 2 YERSTE &
H Q10| RFFZA T dFvF HHHFE 348 mekg
2 HaEH

2 Ao 2AME fEuet ORY H TEE, T
25 e g2dA vag dxAddel fAEAY B

AN O SRE g9 H3EEe JEXE 006 mgke
o7 Ha) AETA T 712 50 mgkght) A Sk
om, F53}, A, HEA 2 Ay T Hagyge 7
Zt 0.02 mg/kg, 0.02 mgrkg, 0.004 mg/kg, 0.008 mghkgl 2 &
3 AFFAY o 7120 2.0 mgkgHth EH B Roz
VRS
CLIRE S8 389 ¢ e

2001 =A% - GYRANPo] A uiEt =79 o
FAFFS 19 199 12202 FAEFEJeER o]
B ZARA DRl OF F 585 HadEe EYE F
RAHZS =3I Table 6914 B H}9Jr 2ol St
oM frEEs dRERH HdHse 72, d, 71=%F, ¥
&, 7E, ol 5 A TS5 F2 FAO/WHOOIA A%
g ¥4 F74#318 %A PTWI(Provisional Tolerable
Weekly Intake)®] 0.1~02% ©°]3}, &¢F0H5-2 2.0% ©|5=

L FEYE & F Udh

2 o

ATE v AESAL ORAE F 2S5 ¢
osiol $eje} 2 %) 2UEY, JE Hwe
R Hrtekazt A & 20074-4 CHA ol
3l ICP, AAS 2 Mercury analyzere— o]-g-3td =43k
g 5 595 HWIEHS Hg 0.003 mgkg, Pb: 0.03 mg/ke,
Cd: 0.007 mg/kg, As: 0.006 mg/kg, Cu: 2.73 mg/kg, Mn:

o ot

l

66.91 mg/kg, Zn: 4.54 mg/kg, Al: 85.53 mgkgl 2 9] of|A
23 Al fAlsAY Be FFEoIdTh 3 S
ZRo] tUFE F8 BHs= o, 7I=F, ¥ 5 FAEE
&9| HHHL FAO/WHONA AA g PTWIY] 0.1~0.2% ©]
stz mjg- Wk
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