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ABSTRACT: Objective To investigate the contamination levels of 5 kinds of heavy metals including arsenic (As),
cadmium (Cd), chromium (Cr), mercury (Hg) and lead (Pb) in commercially available coffee and assess their exposure
risks through dietary intake. Methods Commercially available coffee samples were collected using random sampling.
Heavy metal content was determined using microwave digestion-inductively coupled plasma mass spectrometry. The

heavy metal intake among coffee drinkers was estimated based on average body weight data. Results Among the 87
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samples, Cr had a detection rate of 100%, with content ranging from 4.7x107 to 8.0x10"" mg/kg. Cd was undetected in

only 2 instant coffee powder samples, with the highest detected concentration being 0.025 mg/kg. Hg had the lowest

detection rate across all samples at 21.8%, with a detection rate of only 14.3% in instant coffee powder. None of the

samples exceeded the national standard limits. Additionally, significant differences in heavy metal detection were

observed among different types of coffee. Dietary exposure assessment results showed that for individuals consuming 20 g/d,

the hazard index was 0.0024, far below 1; the margin of exposure was greater than 10; and the cancer risk was below

10°°. Conclusion The 5 kinds of heavy metals are commonly found in commercially available coffee. However,

whether assessed from non-genotoxic or genotoxic perspectives, the health risks posed by heavy metal intake through

coffee consumption are extremely low.

KEY WORDS: coffee; heavy metal contamination; exposure assessment
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(& by fiEumER 87 47 FErbuinndE s 40 43 . AEE7EMmINE 19
Py, HEEMIEE 28 1y, FrAAELL e BRI BN
FR(AD. As. Bl(Ba). W(B). ¥ (Be). 4 (Bi). Cd.
Bi(Co). Cr, Hd(Cu). #(Fe). ¥£(Ga). #E(Li). BE(Mg).
£fi(Mn) . £(Ni). Pb. B(Sb). %}(Sn). £H(Sr). K(Ti). £E(TD).
PUV) B Zn) TR IB GARMER I (TR 100 mg/L, Arif
YIFAE B 95 GSB04-1767-2004, #t5: 228031-4, Aiff
R 1.4%, EFRAOEE LB TR L), K
BOGEPRMER IR (R N 1000 mg/L, FrifEd Rl 4
5 GBWO08617, L5 22033, ANHIERE: 1 ug/mL, FEIT
BREBIEBE); $H(In). HE(Rh). BR(Re)NARIA TR (5 &
BE4 100 mg/L, FRUEY)FTUE 5445 BWT30017-100-N-100,
5 B21040380, AHERE: 5%, IxS AR B4 BR
vAEl); HRR(HNO) (R 4 Jm 4, 36 EFEE il /R B
HIRAHE]); #aik(18.2MQ « cm, #EEBRTEHEHA),

1.2 UFBE5&&

iCAP-RQ HL/BR A 55 B T A8 (35 1B B3R G /R
Bl A BRZA ] ); Mars6 ST i RS (GEE CEM 2],
1.3 tREBRRHE

TCEIR ARG G HRLL 1% HNO; B 7%
% 0.0, 0.5, 1.0, 2.0, 5.0, 15.0 ug/L; Hg BTG EARMER
I FAETLL 1% HNO; B4R FFEZE 0.0, 0.2, 0.4, 0.8, 1.5,
2.0 pg/L; In, Rh, Re WAREW: I IS LA 1% HNO, #ike
% 20.0 pg/L. AR 20% HNO; %I 24 h
Ja, LKk, 4.

1.4 L%

FREX 0.3000 gCRHIE] 0.0001 g)FE S, T IH I fd e N,
HIA 5 mL HNOs, BZE 2.0 h J&, B Tk i A P b4 i
fECERE 1 FHEBI]: 15 min, {RHEEE 140 °C, {R3RE] jH]
2 min; A8 2: FHEHE: 6 min, fF43EEE 180 °C, {F-43E]
15 min), FRAHIEZERG, LUBAUKERIFEAEZE 25.00 mL,
PRSI, BMERANE 3 AFATRE, WIRHEOA A (A g S
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Table 1 Instrumental parameter conditions for analysis of 5 kinds of heavy metals in coffee

E 24 WEHE ZH WEE
g IE S 1.55 SRFEGR B /mm 5.00
¥ H1 I3 /(L/min) 14.00 —ZARBE R/ V 0.00

4l B/ (L/min) 0.80 TR RV ~142.00
AV I3 /(L/min) 1.00 S/ (mL/min) 4.00
FALHIKFE/(CeOT/Ce’, %) 1.83 WL TR 7K E/(Ba™/Ba’, %) 2.25

LRl GEVES

206,207, 208 1 75 201 5 60ng: 103 115 2093
Pb., "'Cd, "As, “'Hg., “Cr, ®Ni, "“Rh, “In, “"Bi

1.5 {RKFEHIRALE

S B T 4148 (World Health Organization, WHO)
SR FAR R B £ 5 e o] 5 B PP B B AR RSE, XA
25 FL R A FE, SRECLL R )ik 250 Sk 45 AR T O ik
5 H BR (limit of detection, LOD), H. 4= i ip A4 H L 1]
ARt 60%, WILL 1/2LOD #EFTHHE; #5RE S AR H H

T 60%~80% [, I HAEA GBS 254>, 7E4ETTH T,

XHEEAETF LOD 25N E 2L 1/200D HEF TAb R0,
1.6 XU

AR E AR, RSP E— ARG b RE, @&
TR T AERR R B B PN OOV 5 58 I I B (R RERE M afEf TR
TR ASE R A A5 % T (hazard. quotient, HQ)UEHA IS
FEOSEAY, HQ AR A (DY, EDI AYTHR/AZILQ2):

EDI;
HQ= 2% (1
EDI= CxIR @)

A H: EDI b 48 WA B4 H 4% A i (estimated daily intake),

pg/(kg bw + d), HAE@E AR Q)IFERSH, HA, C Ak
thiE 48 fri, mg/kg; IR SHUMHERY A XS H 31 2% & (intake
rate), g/d; BW J 1A (boby weight), kg; RfD A& %5

i, K& BNSHRNEESN: As: 3.0 pg/ (kg bw « d). Cd:

1.0 pg/(kg bw = d), Cr: 1500 pg/(kg bw * d)F1 Hg: 0.1 ng/(kg
bw = d)*Y, H1FEU> Pb () RID {H, ASBFFER A R4
ZYWHO T B IRIBG L X2 A2l B b Pb IR E
TRRAMEZAR AR 25 pe/kg bw « O 4 H iR 32 5 AR
4 3.57 pg/(kg bw * d),

K G F68 $ (hazard index, HD)HLPHAY ZFh 480
FIRA T BE B AR XUK:, 24 HI<I B, A H G )R 1 R
RS XS T 3%, X4 HI=1 B, IV ESEA RRE
] e R R A E R, R AREG):

HI=YHQ; (3)

FEXTREDI BN, S IEAL P BORORIRURE, 23R
JH % #% 1 % (margin of exposure, MOE) L M E J&8 X\ [
(cancer risk, CR)#ITIT5, MOE £ K, FR YA &#eE

K- X 8 B AT Ak 0 A ) B GE, XU ARG, 24 Pb Y
MOE= 10 B, BV AR XA A fil B G i B AR, %+
CR, BUE LT 10 B W0 JC 2 25 fd JE XURS ; K {7
1070~107* Z [A1HA Ry AT 232 KU s T8 T 107 Ul gmk
HXBAR R, LT REXT AR i, HAR T2
H@@FG):

0,
MOE- BMDL% @
EDI
CR=EDISF )

A BMDL LR it B (5 F FR (benchmark dose limit),
BMDLY%#/RTELA & B G AKT T, REME S R E A 3 A R
SN & B A T BRAGTHE, XTF Pb MR 8.O M B
FE BE MR, SR Z %R BMDLy: 1.50 pg/(kg
bw * d). BMDL,: 0.63 pg/(kg bw » d)P%; SF HUERIR A
F(slope factor), BUEH 8.5 pg/(kg bw = d)4,

1.7 BUIREALIE

K H Microsoft Excel 2007 #7844 11, R A Origin
pro 8 PTG A RURAL B A, LR E A 3 IR,

2 HERE5HH

21 MHEMERPEERSRERR

87 GrummERE S R, HIKGH Cr(F 2); HA 2 Byl
MErf Cd o NDyj KA 38 (REAS I 5 ok T4 1 PR Y
FEAKL T il SR L) e IR S Hg, 5 e 463 ) A£G Hh
LAY As 63.2%. Cd 97.7%. Cr 100.0%. Hg 21.8%.
Pb 37.9%. MKV BRI AR, AR, He
I Pb (R AL{EY R ND, AF5ELL 1/2LOD (1.5%10° mg/kg)
PEATAE PR, 5 R E & R OF Y RAMKRIKR A
Cr>As>Cd>Pb>Hg. As. Cd. Cr, Hg Fl Pb [ is ke ik
FE43 5124 0.029, 0.025, 0.800, 0.005, 0.046 mg/kg. A
FES AR GB 2762—2022( & b 2 4 H AR UE £
TS YRR ) Pb (0.500 mg/kg) A K NY/T 289—2025¢ 4
oA ih wneEY B As 1 Cd 5 PR EHE (0.500 mg/kg)o

ST UM RIS, IR 4 T 2 A e i 2 S
EFHMEIGI TR, = e T 254 Pb.Cd.,
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As 3R BocE, Hi, As &R N 0.057 mg/kg, Pb
A& B o 0.077 mg/kg, P4 0.030 mg/kg; Cd (1)
it 0.290 mg/kg, “F3E R 0.045 mg/kg. Toit
e WERETFHWE, AR S E G-
Kargarghomsheh %55 Wi 5 T oMk 9 10 FiEICE, As. Cd
H1Pb 3 A E 48 R TIIE . OE LSRR S AR
FEAHIE, {H CrWRBERFIME . TP A(EFIES R LA SR 45
K. ERFEM Cr RHREE R # ND~0.1 mgkg™ ™, H
Mohammed ZP(ND~7.5 mg/kg)Fil Pigozzi Z5°((ND~3.27 mg/kg)
AT AL I PR AR 25 5P . Kowalska® | Massoud
25 Guadalupe 2 RFFE A Cd B Hg, SR Adler
ZEBOR Arvay ZEUHHR R T ROR KR Y 107 mg/kg 9 Cd E,
W B 107 mg/kg)ir Albals Z:7(0.45 mg/kg)Fil
Berego 250%1[(0.80+2.52) mg/kg] & A o X 3255 F Ky ik
HEEE SRR T ZMF . P2 KRR A0 s, @&
Z e . PR SRR T 2 m R,
22 AEXBIMEEHRPESEBITRRR

oK F A [ 2 ) i vh B 4 TR A B EL A T D,
WS R ASFEZE b, 54w ks G A
225, MR RIEREE R 5 D EE 4 R A ek,
T A I HE A RS LA ] S IE R As ARG Y
FKFIME S AR IE, {2 Hg H1 Pb A4S HH 2R EMIC T

RAEAMIEE . I 2 A R ST, SAEIEE As &
B A TES T Cd A Cr S &P AL EEMR Tk

IS0 R AT DA TR 4 R AE TR AS S e n 1A
PR A 5 R AT IR S IO 25 W B8 TR 4 Mt 5% T 44
oA VR TR K A5 1 TV v AR 2 43, Hoh As EEEL
THEAS (BPERER | WANERER)FAAE, A TEER, TEFREGY
AT A A KA, Cd. Cr %48 2 VL3 TR 817
e, Cd BFZ5mE R ZUREA R . 28 AR
RSN ERALS S, B EMEENEL A, Cr
BTG SA R AR AR L PR . KRR A
HENRKE S, —FHKIRYCR R E R, W3, Hg 5 Pb
FEZKAE P AT B AEHURE 1 45055

DL, SEEmIET As AR H R 5 S KO & ok
AR MIME; Cd A 25 A AT S R R
WiHE, Cr S TmEE, SAEmEmETCH B 255, He
55 Po i H 23R ARAK Tl SR Al s e
2.3 JERUERS T

LR TR A G A B R DO, P Y 2R B AR H R
25 ) B U AER IS HIEE R H ] 235 47.89%; 51 BB S
20254F 11 A 24 HW%dE, #iiTa e ] 5 BoEk 3] 22496
&K, prfEaEE, b, bl 6349 K, &K% —. HAl,

F2 MR s MESBUELER

Table 2 Determination results of 5 kinds of heavy metals in coffee

JLE %5 o /% WV Fl/(mg/kg) X {E/ (mg/kg) 7 {E/(mg/kg)
W 2 57.5 ND~2.3x10°? 5.2x10° 3.3x107°
3 SR i 2.1 ND~1.1x1072 3.2x10° ND
As TR e 85.7 ND~2.9x1072 9.9x10°? 7.5x10°°
Bt 63.2 ND~2.9x10°? 6.3x10° 4.1x107°
Wi 2 100.0 2.0x10°3~2.5x10? 8.1x10° 5.0x107°
3 SRy i 100.0 2.1x107~1.7x107 6.6x10° 5.5x10°
« TR e 92.9 ND~6.2x107* 2.6x107° 2.4x107
Mt 97.7 ND~2.5x10°? 6.0x10 42x1073
M52 100.0 4.7%x107~8.0x10™" 9.5x107? 5.6x1072
3 SRy i 100.0 6.1x10°~7.6x10 2.8x10? 2.2x107?
“ TR e 100.0 6.6x10°~2.0x10" 5.4x107 3.0x1072
Bt 100.0 4.7x10°~8.0x10™" 6.8x1072 3.8x1072
M 52 22.5 ND~1.4x10°° 1.3x10* ND
3 SRy i 31.6 ND~2.7x107 4.1x107* ND
e TR inHE 143 ND~5.0x107 3.3x10°* ND
Bt 21.8 ND~5.0x10°° 2.6x10* ND
iR 425 ND~4.6x102 6.7x107 ND
3 s o e 421 ND~3.8x1072 5.3%107° ND
o S HE 28.6 ND~9.0x1073 1.7x10° ND
it 37.9 ND~4.6x102 4.1x107 ND

7 ND 2R K5 H (not detected, ND), Lk 12LOD R A%t
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BN N7 A S G 0| N N WA R I o B e BN S L
AN E T GEi T HE  Derossi M H— bR Hr Rk 24 25 i
MERY 20 g, ASWFFTACPEAR P e A4 SR A 1~3 45/d, R
20~60 g/d B[R EEIE L, A4 2019 AT N AT R4 s
B TR ) WY, — I X 20~59 TN T R AY KR
AR, HORET 23868 AMASEHE. FitsiR
7R, ENBEHEIATE Jy 6436 kg, SHEARNER 20 g/ A
B A 2% 3, MR B T LIS, HI 4 0.0024, i
NT L, BB R AR 60 g/ AR, P RMMHER 232457
PRF R X L4 JR BRI R o 5 FhoTE X HI M STk Ry
Cd>Hg>As>Pb>Cr,

&3 WM s MESEREXRITE

Table 3 Exposure risk assessment of 5 kinds of heavy metals
in coffee

Eistin As cd Cr Hg Pb
HQ  43x10* 13x10°  79x10°  47x10* 1.6x10*
HI 5%
e 18.1 54.9 0.3 19.8 6.8
1%
HI 0.0024
MOE 2678.6 (BMDLy,); 1125.0 (BMDL,)
CR 4.8x107° (Pso); 7.0x107® (Pos); 1.0x1077 (Por5)

TE: DL EEURE MR 20 g/d IWHHRAT R

24 BT

Pb 7EES AL B O 100 A8 5007 A0 S R0y T Y 42
SBRAESE MOE TR H (K 3). EXF TSR L0, Pb
f9°F-3 MOE 435114 2678.6 (BMDLg,)Fl 1125.0 (BMDL ),
PR KT 10, 51X, Pb A0 XU 45 3R R,
B 55 5 97.5 T 4050 85 (Por.s) I A B0 XU (1.0x1077)
BN R T A e KUK, X445 SR Taghizadeh 2514215
FI B (Pb [ CR K 2.71x10 )3 A —%; {H ¥ Guadalupe
UG 25 AR [P W E RES 50 H A (Pso) FIER 95 H
5358 B (Pos) B A5 BUAS 6] 7= X MEH Pb 19 CR 4354
2.3x107~2.6x1077 1 1.3x107%~1.5x107],,

3 Wit54%R

BT E T HrEmMEF As. Cd. Cr. Hg I Pb 5 fit
ELBOHEE, [FBTXT LG T A E 2SR nE e = SR
A e 0 S 3 A e ) v s R ik B DA A R 25 5, IR A
R £ % 0 R R TPAG T 7 2 28 1 P e B IR, o 4 e
RN 20 g/d B, HI N 0.0024, t/NT 1, IEBT As, Cd,
Cr. Hg. Pb SRR R AL FHARAK T S5 iE 8
P SBUERON, RIE Pb WAL T Py s /KT, H CRAMET
107, MOE i K T 10, HE{R UG 7] 2005

31 ARZEFMEEESRBES ST

NGBS Oy TR SRy e (e =
HEFFNSESBWAEE . i T T 25 KRR
FYIAHSE o SRVE MMM AL, BE 55 T 38 VR TR K, As
FELLLHUAFRER . WA EREL KA A AE, AT B
ORI, E I EEmEET As AR RS 5B B S T
ME G SR mIME, Cd. Cr £ LABH #7838 B 1 45
B, FEBGECRAL, I mIEER Cd. Cr R S5
fETFOnmES . He . Pb ZE/K AT TR BE 155, MELIHEAEHR,
TRV IEE R Hg . Pb &G H 8 AIK T nief R0 sk v o
32 ESRERENKRTMESN

AR YRR A 7R, S R 42 8 X A HI A9 BTk AR Tk
H: Cd (54.9%)>Hg (19.8%)>As (18.1%)>Pb (6.8%)>Cr
(0.3%), HH Cd TimkRE R, FTREIRE R RfD HAL: Cd
B REDAXH 1.0 pg/(kg bw = d), Bl RAET As . CrEoc &,
[ B 28 KT Cd =AY HQ W ;K H o e Cd RS %
K 97.7%, A2 B SR IHEAAS H, 724 20k 2 AR TE
EHNERMEMR: Cd BB WHEHEGEY, ik, KK
FE A RI AT I B0 % BB EE DTk, Cr UMk, &
BN H RID Wi, S E 100%, {BS26RS i R ik ) {d
FormKOE; He As stk 4E, S &5 gk
FRE—2 Pb STMRARANAR, 5 A 23 Rv B s (IR AH G
33 AMRMIEREXKERMY

S5 G BT T R A, AR A R SR
RO XPE SR, RO TR ek T 4 (B
B ARAIS, PTG, WA TTn] B R QT A ey As
AR G Cd sk A DG ER s, SRS HEAR A 7l g
DU AT AR 235 5 Ay D e i 6 A8 BT 20 A B LRt S 4
TR B, AR SRAAE— R IR YE: &0k B B &
& FIRIE, REgCR A EEBARD; K525 b 5 5
57 b g m ;AR IR ST i B T A R H% AL,
A RE PSR B A N 22

ABIFE 22 G0 M BA 1 A0 M i X 7T B bl 54 J 7 e K
-5 2 R R AFAE, T S Pk DX 3 i 2 4 i IR A
PRSBSOS IRBEMIME Y e A SR A
WA | SR G B ZARHE S TR i B AR s
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