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assisted digestion-solid phase extraction-hydride generation-atomic fluorescence spectrometry, MAD-SPE-HG-AFS)
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Analysis and risk assessment of inorganic arsenic in Oolong teas
cultivated in Fujian province
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ABSTRACT: Objective To analyze inorganic arsenic contents in Oolong teas, and evaluate to the exposure risk of
inorganic arsenic. Method Totally 8 varieties of Oolong tea were collected from Fujian in 3 seasons of spring,
summer and autumn. The content of inorganic arsenic was determined by microwave assisted digestion-solid phase
extraction-hydride generation-atomic fluorescence spectrometry (MAD-SPE-HG-AFS) and risk assessment was
conducted based on the above data. Results The contents of inorginc arsenic in Oolong tea were in the range of
0.037-0.050 mg/kg while the mean value was 0.043 mg/kg. The “Wuyi Shuixian”, which was collected in autumn,
had the highest inorganic arsenic content. Meanwhile, variance analysis showed that no significant difference of
inorganic arsenic contents among different cultivated seasons, but significant difference in varieties. Furthermore,
according to the regulation of United States Environmental Protection Agency (USEPA) on the oral reference dose for

inorganic arsenic (RfD=0.3 pg-(kg-bw)™'-d™"), the estimated daily intake (EDI) of inorganic arsenic in Oolong tea
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was 6.80E-07-9.19E-07 mg/(kg-d), while the hazard quotient (HQ) were below 1. Conclusion The inorganic

arsenic content of oolong tea in main varieties of Fujian province are low, and the risk of exposure to inorganic

arsenic for consumers is very low through Oolong tea intake.
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fifl (arsenic, As)MIEEMEAN S DA XK, HRHEFIE
5, JCHUBP A B 0L 2 HE A HLERES 100 245, A HLRPE & bl
RS TR U, DR b SR P AT O 1 SRR A A
P B R AN e R LEE Y o X T AR &, JoHLeh 45
£ VB R G T NS B AR @), T
il N VK 2% 58 L0 AY fE 56 [ 3R 58 £ 4 2 (United
States Environmental Protection Agency, USEPA)#{ &
T A N H EHLR 35 A i (reference dose, RfD) A
0.3 pg-(kg'bw) -d™" Bk, A3HTRIPEA AL bR L
U LA PR R 23 AR 22 4 Ry 214 il BT 2 4 40Tl ) T S0

5575 (Oolong tea) Z K EFFFI 2K 2 —, BA KR
MR SRR IR, AR Skl 20 o, Horp, fRAE R
B g AR AR P RN — KA, 2015 4F
IR 20.2 TN, i 4xTE 78.3%!7) . BRI, JTAESE, M
TARNE . A 24555 By R it F LA RO E A RS g, 5k 1+
SRR A KB W BT, JELE SR 0 AR G AR P R
F, 0t b e b THEE K, B LGSR =0
HLAH (arsenite, As(IID))FITL M JCHLEH (arsenate, As(V)) N,
FHOEM RS B2 O N TCH LR 22 5% 1 T TE I,
U TR MRS I A T o 2 A AR R e 421121 TRt AR iF 5 LA
ANTR) 2 Rl B A A R A S e 2 e A, R
TR A B T A - 11 AR 25 - A 7 A - D i e i vk
(microwave assisted digestion-solid phase extraction-hydride
generation-atomic fluorescence spectrometry, MAD-SPE-
HG-AFS)%F HICHLM & e AT 40 B B RS T4, BN S
e 25 A JXURS SPGB 4t 5 SLSE A K, IR T B2
7 A PRI SRR — R R R R

2 MRIEEE
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Microwave Pro Uit 18 i {3 (S8 3th ) ‘22 AR A A PR 2
F)); 24 FLEFHAEBCRE B (H A S HAF); TM-D24UV 4l
KAG(FHEER L TR ARG A F); BS-124S HLF 40 K
VAL B RIS R R AR F]); TGL120M &2
S HLAST R AL S B AR T R A FRAF]); 3100 AGHTE
SRS LR AR A B AR

As(IIT) . As(V) b5 E ¥ 45 ¥ (GSB  04-1714-2004,
1000 mg/L, [ A 04 8 K F# 8k o Aii dpoe);

Strata SAX [ FHAEEAE (500 mg/6 mL, Z5[E Pheonix 22 7));
& fb 4 (98%, Aladdin BUFI(_LH)ARAR]); #HhEL. il
M. SN, HEE . RO ITEE, EZ R A
[(FZNEINE
22 HmEmMmAE

2017 4F 1~12 F, fEfmaEg A M. mMmr. R0
MG R RRERESE . HF. KFEE 3 ANFTN 8
MR AR CE SR RIUKAN, A A, B
RELHL, EIRAL . ACEM T SEgbhRl, S skE S il
SE ARSI, SRS T R &, e, o
80 Hifi, B H, T TIAER .
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T4 iz 4t Bl 14 % (microwave assisted digestion, MAD):
HERRIFRE 0.3 g Z5M-M R 512 0.001 o) TIHMEREF, ImA
10 mL 0.06 mol/L HNO;-3%H,0, 2 B0K, & T i i A%,
TE R KA 2% 800 W T, 120 “Ci¥## 35 min, f/5MEIRZE
55 CIHEES R BRI ZE RSB A 15 mL 808,
ZE R T 8000 r/min &.0> 15 min, 15 FIHK .

[ FHZE B (solid phase extraction, SPE): £ i Chen 4131
Bk, BUER 2 mL FIE®E 15 mL #0089, A
2 mL 0.05 mol/L (NH4),CO; F-#738, iiEiR~], 8000 r/min
2.0 5 min, By FAEWK. Strata SAX [FEIAHZEEUH A 2 mL
AL, ERERGEAE, SR 2 mL 0.5 mol/L Z R ¥E,
)5 2 mL 0.5 mol/L HCI JEBE, VR AEA 10 mL .

AW & A -JEF ¢ 6 ik (hydride  generation-atomic
fluorescence, HG-AFS) % & : Pt H 30%HCI-2%KI-
0.2%V ik HERZE 10 mL, =& T 30 min J5 2%
HG-AFS £l . HG-AFS 1 TAE 4 St ARgeE sk
280 V, ST EHTE 50 mA, #HA U 300 mL/min, SRR
H+ 800 mL/min, BB 16s, JEDMFE 1s, JHJ7 1 Std.
Curve, 507 Peak Area, i Tfbevm/E 8 cm, ik
8%HCI, if )5 1%NaBH4-0.1 mol/LNaOH,

24 SERXLHNMEZENZEIFMN
241 FFIRAERRA

SR FH 95 [E 38 28 (USEPA) & 77 1Y 1k 27 75 Yl 49 {alt R 1
MU 4 H R 52 5% & (estimated daily intake, EDI)
X B g A oL AT XU TPAL, AR
B CXDIRXEFXEDX10,3

EDI = (D
BW x AT x 365
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A EDI— AR A TEHLAN R H 2 88 i, mg/(kg-d);
C—ad RGP MUY & &, mg/kg;
DIR— g 451 H B A, g/d;

EF— A2 F2 0%, 350 d/year;
ED—2 5 FFLE T [A], 70 year;
BW— 4 -1, 60 kg;
AT—F- I 2255 [A], 74.83 year!"],

242 REHMHQ
WAl 2015 4 USEPA il & 1 JC AL B £ A BR 1B

0.3 pg-(kg-bw) ' -d™" O RUILARMENE 2% 5 (reference

dose, RfD), %G E {8 (hazard quotient, HQ)PEH AfKZ:

0 0 25 % 88 JCHL ) fa K. HA TR

EDI
HQ= RD (2)
2 HQ<1 I, AIIACH & Je 2% th ToHLah T 7% 88 ATEA A
TEW B AR XU, 24 HQ=1 B, Ay 1 Jp 2% th oML s
Xof 2 5 NHEAEAE AR XURS: o
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AT SBT3 Yk, ISR DPS S0 e e 4
BTG
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ARENEE, R )R 8 Mads T
B IR SRR A (B A hE L RFUKAN L R L ARl i
RELH . FEFAKADL . KB TR ICHLER B aE 1 R,
M 1 AL, R LA i 0.037~0.050 mg/kg, -
B0 R 0.043 mg/kg, 5 Yuan S g 4 AL A -,
B HZE . RERIN S IR A IO ik T 43 5
Ky REKASE S S KT > WHE=A IL=K 2 HI>8k
> KA, A KA > WA= > R L HI> AR 1=
TR T >R B >N A, 3T AKAN> B 4 >R 21 4>
PREESAS L =8k W & =7 B/ 0 F>Ta K, FEr, sk
mh R JC LA 5B AR 185 (0.050 mg/kg), T KAl B
fi(0.037 mg/kg). FZEAMEERGEE DERM, ANHEZFETH—
Ly e 2% i A JE ML B B 22 5 OR B 2 (P>0.05), TR — 28
AN TF] 5 g 2 s Rl e JE AL 5 A AE 1235 25 57 (P<0.05),
XA RE S S e A% X A R R i LA i 25 S
K, FEOR TR AT I b P 7 2 5 A v D A 3 R v iz i
R IHLAp A7 AE 22 5
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Fig. 1 Inorganic arsenic contents in oolong tea of different seasons (n=3)
®1 FREVNELFRMENPITNHSENHTEDN
Table 1 Variance analysis of inorganic arsenic in Oolong teaof different seasons
2R 8S S5 df HHE MS 77 F1H
£y 3.98936E-06 1.99468E-06 1.435
IS 0.000214575 3.06536E-05 22.047*
R 1.94655E-05 1.39039E-06
Bt 0.00023803

E: F0_05(2,14):3.74, F0_05(7114):2.76, *%‘%7?\‘%;%—7{ 005 ZKEF‘J:%EE‘%, P< 0.050
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Table 2 The daily exposure of inorganic arsenic from Oolong tea to human (mg/(kg-d))
liiEN
é i — e S Y 0y
AR AR KA PR PR RETHL KAl KEMT
BE 8.27E-07 8.83E-07 7.91E-07 7.91E-07 7.54E-07 7.91E-07 6.80E-07 8.09E-07
ES 8.09E-07 9.01E-07 8.11E-07 7.54E-07 7.36E-07 7.72E-07 6.99E-07 7.54E-07
®E 8.64E-07 9.19E-07 7.91E-07 7.54E-07 7.54E-07 8.09E-07 7.36E-07 7.54E-07
R3 AFhESEFELNBRENREESE
Table 3 The hazard quotient of inorganic arsenic exposure from Oolong tea to human
S
== — - — . - -
B KAl PR B RELH) TP KAl BT
B 2.76E-03 2.94E-03 2.64E-03 2.64E-03 2.51E-03 2.64E-03 2.27E-03 2.70E-03
FES 2.70E-03 3.00E-03 2.70E-03 2.51E-03 2.45E-03 2.57E-03 2.33E-03 2.51E-03
B 2.88E-03 3.06E-03 2.64E-03 2.51E-03 2.51E-03 2.70E-03 2.45E-03 2.51E-03
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ARG B R, 2015 453K B A SIS HEN S ik 2
Jo1.5kg, Hh B4y & 30%7, B e 25 H X8 AR
(daily ingestion rate, DIR)A 1.23 g/d, H/A(1. 2)iT&EA]
1%, MNMET e 28 TP RE H 285 EDI 2 6.80E-07~
9.19E-07mg/(kg-d)(F 2), ZeAsh ICHLEH & i fE 3 i (E
HQ H¥/NF 13 3). W, Wit A S kA S 8OehLah
TR RS HAIG, T 2 TGO

4 &

ANRZETETE. B KE)RAMN 8 Mady ik
B ARSI (B Ak L RFUKAN L AEE AR R
KL BEFAKAN . KB BT ) TCHLEE & = 7E 0.037~
0.050 mg/kg Z ], AN[IZEAT [F]— 3 e 4% b Al JoHLAR 5
255 AN 2 (P>0.05), 17 R — 25 95 AN [1] 5 g 2% Sl b JEBL

T RAFTE D 3 25 5 (P<0.05),

NG S e 25 oL ) & H 2 88 5t 6.80E-07~
9.19E-07 mg/(kg-d), H 2% H LML & 5 09 8 E i e
HQEH/NT 1, PRIt ol B A 13 g5 S BOTCHL A 2 2% 1 XL
WA AIS, T8 B nT OO KR
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