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Survey and risk assessment on residual pesticides and heavy metals in

coffee beans distributed in Daejeon

Daehyun Kim"?, Sujin Oh', Youngju Song', Sookkyung Shin', Sangjoon Lee', Jeongah Kim', Gunehee Jo', Beom Jun Lee”

'Daejeon Metropolitan City Institute of Health and Environment, Daejeon 34142, Korea
College of Veterinary Medicine, Chungbuk National University, Cheongju 28644, Korea

The content of harmful materials was investigated for
coffee beans sold in Daejeon. Total 79 samples were
analysed and 213 residual pesticides and 2 heavy metals
were analysed simultaneously by GC-MS/MS, GC-NPD,
GC-ECD, LC-MS/MS and ICP-MS. The instrumental
method was validated with limit of detection (LOD), limit
of quantification (LOQ), the linearity of standard curves.
LOD of the residual pesticides was between 0.0003 to
0.0021 mg/kg, LOQ of the residual pesticides was bet-
ween 0.0008 to 0.0064 mg/kg. LOD of the heavy metals
was between 0.0077 to 0.0079 pg/kg, LOQ of the heavy
metals was between 0.0233 to 0.0239 pg/kg. The linearity
correlation coefficient for the calibration curve was bet-
ween 0.9929 to 0.9999 and the recovery rate was between
95.4% to 106.1%. According to the monitoring of residual
pesticides and heavy metals, no pesticide was detected in
all coffee bean samples. 88.6% (70 samples) of analysed
total 79 coffee beans contained at least 1 heavy metal
but there was no sample which exceeded the maximum
residual limit. Risk assessment was also carried out based
on the content of heavy metals detected in coffee beans.
The carcinogenic risk assessment to heavy metals showed
that all cancer-risk (CR) values were below 10°® and it
meant that the CR due to heavy metals intake was evalu-
ated as safe. The non-carcinogenic risk assessment to
heavy metals showed that all hazard index (HI) were
below 1, which was considered acceptable at the current
level of exposure. The %PTWI values of lead and cad-
mium for 55 roasted coffee bean samples were 0.09%
and 0.04% respectively, compared with the reference
values. This results indicate that there is almost no health
risk from heavy metal intake through the consumption of
coffee beans in circulation in Daejeon.
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Materials and Methods
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sodium sulfate anhydrous(Daejung Chemicals & Metals),
hexane(Wako, Osaka, Japan), sodium chloride(JinchemicaL,
Siheung, Korea)Z A8 5 R0 & & AA
9] HAE Y3 AR solid phase extraction(SPE)of &=
ZIAAZ2ntEd ST B4 9%t florisil cartridge(1,000
mg, 6 mL, Bekolut, Haupststuhl, Rhineland-Palatinate,
Germany), NA| T Z2utE T T 24 93t carbon ami-
nopropyl(Carb/NH;) cartridge(500 mg/500 mg, 6 mL,
Bonna-Agela Technologies, Tianjin, China)g AM-5}%
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Table 1. Analytical conditions of GC-MS/MS

BHE O% GOMSMS B LOMSMSY] %28 ¥ F Wb ASE AgHe] thet Bt Ax A

2lE A 5171 s A E4fsto] microwave-g

23t GC-NPD, GC-ECD9] FQ8 EHA XAL &7l 1 F 0.2-04 g& F$t F hydrogen pero-

2 2 nitric acid 6 mLE g0} 10&

Aot ®FA] & microwave digestion system©]] 20 9
7F 308 3% EofAl7]aL, EoiE AAIE conical

=42 Al =74 water®2 3]A5tlct. BlAH HY| FF& B

Part TRACE 1310 (GC)-TSQ 8000 Evo (MS/MS)
Column Thermo Scientific TG-SMS (0.25 mm x 30 m, 0.25 xm)
Injection volume 1 pL
Carrier gas flow He, 1.2 mL/min
Injection temp. 300C
Split mode Splitless
Oven temp. Heating speed (C/min) Temp. (C) Hold time (min)
- 90.0 1.50
25.0 190.0 0.00
4.0 260.0 0.00
10.0 300.0 2.00
Ion source temp. 300C
Table 2. Analytical conditions of LC-MS/MS
Part NASKA2 (LC)-Triple Quad 4500 (MS/MS)
Column Osaka Soda Capcell pak Cis (4.6 mm X 35 mm, 5 pm)
Injection volume 5 puL
Mobile phase A : 5 mM Ammonium formate in water
B : 5 mM Ammonium formate in MeOH
Oven temp. Time (min) A (%) B (%)
0.00 75.0 15.0
1.00 75.0 15.0
1.50 30.0 60.0
10.00 10.0 90.0
15.00 10.0 90.0
20.00 2.0 98.0
20.10 75.0 15.0
Flow rate 0.25 mL/min
Oven temp. 40T
Ion source ESI (electrospray ionization)

= A
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Table 3. Analytical conditions of GC-NPD

Table 5. Analytical conditions of ICP-MS

Part 7890B Parameter Analytical conditions
Column 0 nz;ﬁn(l}H;E;\(T)TmHIZ)-SZ S Part NEXION 350X
: 25 pm) Nebulizer gas flow 0.93 L/min

Injection volume 2 ub Auxiliary gas flow 1.2 L/min
Carrier gas flow He, 0.8 mL/min Plasma gas flow 18 L/min
Injection temp. 250C ICP RF power 1,600 W
Detector temp. 325C Torch alignment 3 mm
Split mode Split (10 : 1) Analog stage voltage - 1,700 V
Oven temp. Heez‘iicn/grgnisr]lo)eed T(ecrcn)p ’ Ho(lii:)m © Pulse stage voltage 900 V

- 180.0 1.00 3) 77| EMEXH AS

15.0 200.0 0.00 (1) s Y M =&

5.0 240.0 0.00 7171 BA2E AF55H7] 15t GC-NPD, GC-ECD,

10.0 220.0 15.00 LC-MS, ICP-MSof|A HZ&3%H(limit of detection, LOD)

Table 4. Analytical conditions of GC-ECD

Part 7890B

AGILENT HP-5

Column (032 mm x 30 m, 0.25 ym)

Injection volume 1 pL

Carrier gas flow N;, 1.1 mL/min

Injection temp. 260T
Detector temp. 300C
Split mode Split (20 : 1)
Heatin Temp. Hold tim
Oven temp. e?,c /%nisr?)eed (i C;) O(r(rilirtl) ©
- 180.0 2.00
12.0 200.0 0.00
6.0 240.0 0.00
15.0 280.0 16.00
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e H71E Yo HA AL F-EF (average daily
dose, ADD)Z& H3fjoF st=H], o]= ofefl 41& o]&df 4t
SSHaH(16, 17].

C x IR x EF x ED

ADD (mg/kg/day) = BW x AT

ADD(average daily dose): YLEHHAA =&
C(heavy metal concentration): Al& FHE5T
IR(intake rate): A|&2] F]&(kg/day)
EF(exposure frequency): =541 (day/year)
ED(exposure duration): =% 7]7k(years)
BW(body weight): EHdH%(kg)

AT(average time): Ha5-(years)

LLFAJA =EF(ADD)S 7+ W A= Y A
FE(R)Z AlFYFENHF7H 2 Ad=d oA T
# A% 5 S92 ot AR B RUe

T5te] 8.64 gldayS HL3FYTHISL. w2 T (EF)]
- 365¢Y, =E7|THED)S HAEZH9 B9 B+ 7Id
Wl 709, vlerEA] A% jodom Hgsialc
| HEAZ A4S BAROIA AN Sl dR
A5 72.25 kg, 9AF 57.87 kg2 B 6543 kg
AMESFA L H[20], Bt FA SAFNA AR £
eufet da A1 7974, ofzk 85749] BFE 827
g AESHAT AABTEBFE T8 F 0|2 o]
AAAZ Ol Wt LA AN w(cancer risk), H'EAAHE
(Hazard quoitent, non-cancer risk, HQ) 1&]1l H|r}9]
S = A]*(Hazard index, H)E +5to] Tef 9 BTt 9
S B7HE AFstlon, ol= ofF A& o|-&sk3itt. ot
AlE T o AREE EAA H(slope factor, SF) 9 =
A%k 31 X (reference dose, RfD)= Table 6°f LEFHATT.

(1) et s =t
Cancer risk = &9=24 ADD x SF

SF (slope factor): &A1=

Table 6. Slope factors and reference dose of Pb and Cd

Element SF (mg/kg/day) RfD (mg/kg/day)
Pb" 0.0085 0.0005
cd 0.38? 0.001?

Y MOE (Ministry of Environment, 2018).
? RAI (Risk Assessment Information System, 2011).
» US EPA (1991, 1992).

(2) HIZe I Bt

Hd=d ADD

HQ

mg/kg/da
(Hazard quotient, = ( g;g Y)
, ADI 3.2 Rfd
non-cancer risk)
(mg/kg/day)

ADL: Y5 8HHF
Rfd(reference dose): =4JZa1%]

HI (Hazard index)

2 HQ (sum of hazard quotients)
{ADD1 / RfD1 + ADD2/RfD2
+ -+ + ADDI/R{Di}

P WS AT E G2 AEE FAFAHHEA
¥(provisional tolerable weekly intake, PTWI)& ©]&3%t
ot FAAEZH7TEY L3S (Joint FAO/WHO Expert Com-
mittee on Food Additives, JECFA)O| A A A|et PTWI 7k
2 39 AL 25 pgkg bw., 7FEFE AL 6.25 ugkg
bw.2 B4 S o FHEHTH @S vlastod
%PTWIS 75t & 9Jol= H71E JPatycH2l].

5) SH=EM

79 EAZA B2 SPSS(IBM Statistical Package
for Social Science Version 21) T2 138 0]8&35}9c}.
BE A A7 S55 T AelE o] s 54
HE TtestE HAIRE & Levene® T&4A A4S AA
p<0.05 oA 7948 AT Hgiof wE
ZH<4 SIF Ao|E otR7] 3l one-way ANOVA
testE AA|gE &, Kruskal-Wallis testE ©0]-85}0] p<0.05
T4 Fo8S AAsloh mHAg e R YAbx] et
H S5 & ZolE gotE7] #I5)l one-way ANOVA
testE ©]-&5t0] p<0.05 FFoA FodS HASHA

Results and Discussion

o
1) ¥ L 2S5 5=
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4%
o p

>
>

ol
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2

S
A 527t Guil7HE of= Aol F45lt) ol B4 9
WHE A = (precision) 2} A 2HE (accuracy) S EEE 4 Q1
= A sk &, FAETA(LOD) 9 AFIA(LOQ) &
Lo 44E& &l 7St

AR5t s AFo] AEEHE GC H LCY FF 7
5 2135 AA % GC-NPDAA SH=E 5o 3%,
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GC-ECDOlA &4 5= 59 3%, LC-MSO|A &7
5O 358 Aystel dEWA 9 FFWAE %

‘é-l_
@}6—5— 57H l"—E(O 0.1, 0.5,
;'5‘_

AL ALY A% F olE TG BEEA 7%
THE AL, o] AHTHY 7127(S% W 4
e HEE 73] A% BAsl] 2L 3 wH g
o EXHHOE ol§dtel 42 L FFIAS 7oHd

Ow, 7 ZAi}= Table 71} Table 8 LERAIICT.
Aok 9Z9] A&ETA(LOD) B E= 0.0003-0.0021
mg/kg, FFHA(LOQ) B E+ 0.0008-0.0064 mg/kgHT.
g 71=50] HEUA(LOD) k= 242 0.0077 pglkg,
0.0079 pgkgRom, FLIHA(LOQ) 5= ZHzt 0.0233
rglkg, 0.0239 pg/kgo| et tetdl= AEFTH A&5R%
H 7|& A4 F85e F2ANY IReeF RAT

24 537F 0.01 mgke, ' TF RAF 7120] 2.0 my
kg e T u, AN Folw A& R A

Table 7. LOD" and LOQ? of residual pesticides analyzed

Analysis Pesticide i~ LOR
equipment (mg/kg) (mg/kg)
GC-NPD  Diazinon 0.0013 0.0039
Diethofencarb 0.0008 0.0023
Fludioxonil 0.0008 0.0025
GC-ECD  Procymidone 0.0021 0.0064
Chlorfenapyr 0.0016 0.0047
Fluquinconazole 0.0009 0.0027
LC-MS Amisulbrom 0.0003 0.0008
Chlorantraniliprole 0.0003 0.0009
Novaluron 0.0005 0.0014

LOD, limit of detection, LOQ, limit of quantification.

Table 8. LOD and LOQ of heavy metals analyzed

Element LOD (ug/kg) LOQ (ug/kg)
Pb 0.0077 0.0233
Cd 0.0079 0.0239

LOD, limit of detection, LOQ, limit of quantification.

Pty = H 5 1=} Sk A O _O 2~
FAR FE5] AR BAT 4 A= & 5 Uk

HETA(LOD), FFHA(LOQ) 24 & T JAF7
ok 9F 4 S 2502 A (Linearity) E 3]4&
(Recovery rate) H71E Y5ttt AFEFo 4 &
oA BAT HFWA =S EFIH 57H =1(0.01-0.2
mgke)? BFEGA0R, FFE] AL W, JIEF AR
S AFH s s ES 54 ln_EL(o 00-2.00 pg/kg)]
Y REFOE AFste] BASIYAL, ol Fo HEA
A ‘?l‘ 5F9th. Table 9, Table 1004 Ho]%
4 A AGRY)= FF59F 95014 0.9929-
0.9999, ‘gu 49 0.9966, 7HEE9] A9 0.99992 7}5t
A4S el 3a&2 SHcte= 40] 45
A ok %A]EOH ZFoFo] A2 0.02, 0.1 mgkgo] H

F8NE, 59 4L 05, 2.0 pgkg 79 T ®
&A= i%ﬂl T AR A SdsH 33 whE AlY

olo] =435t H Hrlel¥al, 11 Z3F= Table 92} Table 10
of et At EEH X (relative standard deviation,
RSD%)= ZH3359F 9Z0] 4] 0.02 mg/kg 52U o 0.4%
-4.8%, 0.1 mgkg $24 T 0.1%93%=2 ZH= L
%—%—’_‘,\— 2204 0.5 pgkg 5L 9 10.3, 7.2%, 2.0 /zg/
kg $2ol|A 1.2%, 0.3%= ZA =) 348 5

oF 9»01%1 0.02 mgkg 2% W 99.8%101.9%, 01
mgkg 25U 1 954%-101.4%% ZAHYT, 224 2
Z0)A 0.5 pgkg 2D W 100.8%, 97.0%, 2.0 pg/kg
ZZ20 A 104.8%, 106.1%Z ==t} CODEX 7}o]
zERle] WEW 1 pgkg ©lot HolA AHHEEHA}
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Table 9. Linearity and recovery test of residual pesticides analyzed

Analvsis equiment Pesticide Correlation Concentration Recovery + RSD
Y aup coefficient (R?) (mg/kg) (%)
GC-NPD Diazinon 0.9989 0.02 101.3 + 2.2

0.10 954 + 93

Diethofencarb 0.9988 0.02 100.5 + 2.0

0.10 100.3 + 1.4

Fludioxonil 0.9992 0.02 100.2 £ 1.3

0.10 101.0 + 0.1

GC-ECD Procymidone 0.9998 0.02 101.1 + 4.8
0.10 982 + 5.4

Chlorfenapyr 0.9995 0.02 100.0 = 2.4

0.10 1014 + 12

Fluquinconazole 0.9929 0.02 101.9 + 2.2

0.10 100.1 + 1.3

LC-MS Amisulbrom 0.9999 0.02 100.1 + 04
0.10 99.9 + 0.3

Chlorantraniliprole 0.9999 0.02 100.2 + 0.6

0.10 99.5 + 0.4

Novaluron 0.9974 0.02 99.8 £ 0.7

0.10 100.3 + 0.1

RSD, relative standard deviation.

Table 10. Linearity and recovery test of heavy metals analyzed

Correlation ~ Concentration Recovery = RSD

El t .
L oefficient 0:9) (ng/kg) (%)
0.5 100.8 + 10.3
Pb 0.9966
2.0 104.8 £ 1.2
0.5 97.0 £ 7.2
Cd 0.9999
2.0 106.1 £ 0.3

Correlation coefficients were over 0.9966 at five concentration
levels (0.02.0 pg/kg).

A22 o] FAHE Stz SiEo] Sojert
£ OloI7HA] AUTHS]. et AloFA o)A 20164 12
9 319RE, FRE7IE0] AHHA 32 FE
e 1 71EE EHE 55001 ppm °|5HhoE AHHY
3t PLSZ AlFSHlt. AMAFo 7%, 137t 54
B R gt BRFFIIEC] HHA AA S H

71 @ot CODEX(ZAIAFAY]) 7% &2 frAksAt
=9 AL Hgsto] AAl ARsoe] Lt #
SHolE A3t AEoR BHEE B9 wo
o] A=e] AJY ol I U= A BF % A7
4 AP ES dAs-e wet A | 3RsoF 9
Fol AAHog uje WolA H o7 Helrk E
A A 7910 F BFe 24002 AR Az 71
ol viste] A hgkom o] 7= 2300 YA
ol ARt Xsteirt. ojek ol A& HFdol FEHHE
A BE AT AR R 5F 2dE9 olf7t € 5

Aot Gy AT AA A4 794 £ 557402 A8
SR FRAT, 1439 WRHeNN $AZ o] AR
L SB51901}, QA HA| A|5ofA] FEBoFo]

HAETFA Lokt 52| M. Cetinkaya 52 ZAH 50
]_

+ ATl "olld HRsrol 80%OlA 100%7HA] A
Pt $1E 0 M[23], YE O] Katsushi Sakamoto 5
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2012 E AF=REoA F8otet AAR AMEEE
ZAYHE YFE X&Eiok 71&0] glohal shHA AF
A 2AYE o AFso] A9 Attty gt
[24]. <& U}XWW E'J‘f}f‘% A 45 JA A&

o gl At

3% 2 ZLEHE

QA 5 A AVE AR F 7979 Alm

& SAsgon, 1 480 $34 U w4
Table 11-13°] YEFHATE ESH BE ATNEL EAEA
Ant GoT HolF UEHRoATHp<0.05). B(Pb)S 7
Zo4 0.393 mgkg®] HEANA AEHJUL, Bt FF
< 0.052 mg/kgAtt. 2AF offo] mE Ho| et o

2 ABEFO] H2 0.014 mgkg, 2AHE AR 959 HS
0.069 mg/kgoloq\:’r(Table 11). stel= A EZ A= &
= GFofnt | 7|Eo] AAE] led, Al ARE

UFoA Fo] o HAEES & 5 AQlth TuigAE=R
g B AFE Had EH Ay EHHxq A& 0.055
mg/kg, TA0]= A HEH AEL 0.063 mgke, o
HulE AEL 0.085 mg/kgO]mE]—(Table 12).
FFEB(Cd)2 EAZ00A 0.028 mg/kg] Mol A
25903, B S 0.006 mgkg] HYolA AEEA
o} 2AH ojRo| 2 71=go] Pt R AT A

2 0.002 mg/kg, 2AEES AR Y59 32 0.008 mg/kg
O|ITH(Table 11). WiFAERE 7IEF Hot P H]
W) B An Tofd AZL 0011 mgkg, T#MIfo]=
A AEHY AE2 0.007 mg/kg, HFUE AE2 0.005
mg/kgo] Ath(Table 12). 7IEHES igtil= AEFHS
Fusie mE BAG 7|Eo] AAE o] QA gom, AR
2 gl Bls] I o] A o= AL & 5 At

Y= F P S vlws) EE vlat Algo] ¥
o 9FF 0.011 mgkgEE 7P Wokor, ol e mo} A
Zo] B3 3kFo] 0.110 mgkgl 2 7H E9kch Esh &~
d=E 7tEF B S Hlwe] 29 ofgeujor ¥
AY7F 0.004 mgkgC & 7P Woka, wEEet AE9
g ko] 0.015 mgkgl 2 7 E9rch 21U SPSS
£ &% SARA Z3NTable 13) FUA=E S5 FF
= f940] gee & & AoH(p>0.05), H7PER
o @2 9] o] BAHGY FAHCE ©f A=A

o At goid Ast Azt

)

S
A AL FUE o83} A YA FF FI4
Aol B7HE WA Ad F PR v gEE
A onE s 54 B F 2AYL
A LY qAE Pl
2o 7 A5 4

Table 11. Difference of heavy metals content in green beans and roasted coffee beans

Pb (mg/kg)

Cd (mg/kg)

No. of samples

Mean = S.D. (min. — max.)

Mean = S.D. (min. — max.)

Total 79
Green bean 24
Roasted coffee bean 55

0.052 + 0.061 (0.000 - 0.393)
0.014 £ 0.020 (0.000 - 0.073)
0.069 + 0.066 (0.000 - 0.393)

0.006 + 0.006 (0.000 - 0.028)
0.002 £ 0.003 (0.000 - 0.012)
0.008 + 0.006 (0.001 - 0.028)

Means within a vertical column are significantly different by independent #-test (p<0.05).

Table 12. Difference of heavy metals content of the roasted coffee beans in sale areas

Pb (mg/kg)

Cd (mg/kg)

No. of samples

Mean + S.D. (min. — max.)

Mean + S.D. (min.— max.)

Wholesale store 18
Franchise coffee store 17
Market 20

0.055 + 0.101 (0.000 - 0.393)
0.063 + 0.050 (0.000 - 0.184)
0.085 + 0.024 (0.004 - 0.121)

0.011 + 0.008 (0.000 - 0.028)
0.007 + 0.005 (0.002 - 0.017)
0.005 + 0.002 (0.001 - 0.012)

Means within a vertical column are significantly different by Kruskal-Wallis test (p<0.05).
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Table 13. Difference of heavy metals content of the roasted coffee beans in producing areas

Pb (mg/kg)

Cd (mg/kg)

No. of samples

Mean + S.D. (min. — max.)

Mean + S.D. (min.— max.)

America 2
Brazil 4
Colombia 8
Costa Rica 2
Ethiopia 8
Guatemala 4
Italia 2
Japan 2
Kenya 5
Panama 2
El Salvador 2
More than two contries 12
Others’ 2

0.011 = 0.015 (0.000 - 0.021)
0.029 + 0.039 (0.000 - 0.083)
0.072 = 0.075 (0.000 — 0.238)
0.045 + 0.037 (0.018 - 0.071)
0.110 = 0.117 (0.024 - 0.393)
0.072 + 0.087 (0.000 - 0.184)
0.040 = 0.057 (0.000 — 0.080)
0.081 = 0.007 (0.076 — 0.086)
0.076 + 0.038 (0.020 - 0.116)
0.000 = 0.000 (0.000 — 0.000)
0.056 = 0.034 (0.032 - 0.080)
0.086 = 0.030 (0.004 - 0.121)
0.025 = 0.035 (0.000 — 0.049)

0.009 + 0.003 (0.007 - 0.011)
0.008 + 0.009 (0.001 - 0.021)
0.012 + 0.007 (0.005 - 0.028)
0.013 + 0.008 (0.007 - 0.018)
0.004 + 0.003 (0.001 - 0.011)
0.015 + 0.008 (0.006 - 0.026)
0.005 + 0.001 (0.004 - 0.005)
0.006 + 0.000 (0.006 - 0.006)
0.004 + 0.001 (0.003 - 0.005)
0.003 + 0.001 (0.002 - 0.004)
0.009 + 0.004 (0.006 - 0.012)
0.007 + 0.003 (0.003 - 0.013)
0.008 + 0.001 (0.007 - 0.008)

Means within a vertical column are not significantly different by one-way ANOVA test (p>0.05).

* Others contain Indonesia (1 sample) and Peru (1 sample).

AL (SHY SHFILARMD)E  ol-§ste] LFHs=
(cancer-risk, CR) & B4 =(HQE AEsH3H. E
3 AYFAHL=EF(ADD)Z ol&sto] 7 S5 A
T ot ol FAAZH7EE YIS ECFA)A A
13 AT HSEFPTWDIR Bl asto] %PTWI gt
= B7FsHATH21].
AAzgol gt IFeeio) S8 TAEE &9
o2 HAYol Fet ARl Y THsAHoE AHojEm,
o] it fslie EEo W= Ed Higt
SREE 7 24E 5 ok ddSidle dYEde
ZTH(ADD)Of| &7 = Eo|& cancer slope factor(SF)E
Foto] A4tETHI6]. ', 7IEECl tiEh A9 AF A=
9] AAFH=ETFH(ADD)T HAFLISHE(CR)= Table 14
o} Zth gubEoz 10%-107 Atol9] S TH7I RS
109 JAAAZRS Hodtr] st T4 A= Q1gH
U &S Este] FHE ISzt
10° 4= o|slo]d =0l H55l7] 9t &7 oY
o2 18 753}t Table 140 Yebd GAkAE 71
AT o, 7tEE9 I s A 10° olste] &
s Yepdlon, olE &3 A 9% F . 7tE8e
HFHE QIR HFYsi== kAT Ao E FIhE
HERI g7 S, fdiles IRtHo® =AHA 7

S~

e

£ 53 AXtE 9P F ST (ADD)T e =
(HQ) ¥ {ISH=X|4=(HI)= Table 159} Zt}. =24
(HD= HEAAH=(HQ)] o2 ALt=, ALtdut
= HUF 12 & A9HL > 1) vddefs) 274
o] leketal, HIZF 18t 22 ZFHI < 1) HLt 9
3 FA7FsAdo] fleng A kiSRS 58755t
ohal s €t Table 150 Uehd AARRE #3] Y572
A=A RHD) G2 F A 1.92 x 1074 FHdf 1.09 x
107742]9] 18t &2 go = o] 387 ehdst
#HAS & & Atk

a5 Zo] AEd FHH= 445 7
A E7HstA B4 AFsie Ao si7t ¢l
d @92 A 58 HIFS FAFHAEA
(PTWIol2} HEth AAAE #Ad Y5 1+ A3
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Table 14. Average daily dose (ADD, cancer risk) and cancer risk (CR) of heavy metals in roasted coffee bean by the country of

origin
A il ADD
verage daily dose ( ) Cancer risk (CR)
Country of origin (mg/kg/day)

Pb cd Pb cd
America 123 x 10°¢ 1.01 x 10°° 1.05 x 10® 3.82 x 107
Brazil 324 x 10° 8.94 x 107 276 x 10°® 3.40 x 107
Colombia 8.05 x 10° 1.34 x 10°° 6.84 x 10°® 5.10 x 107
Costa Rica 5.03 x 10°° 145 x 10°° 428 x 10°® 552 x 107
Ethiopia 123 x 10° 447 x 107 1.05 x 107 1.70 x 107
Guatemala 8.05 x 10° 1.68 x 10°° 6.84 x 10°® 637 x 107
Italia 447 x 10°° 559 x 107 3.80 x 10® 2.12 x 107
Japan 9.05 x 10°® 6.71 x 107 7.70 x 10°® 2.55 x 107
Kenya 849 x 107 447 x 107 722 x 10°® 1.70 x 107
Panama - 3.35 x 107 - 1.27 x 107
El Salvador 6.26 x 10°° 1.01 x 10°° 532 x 10°® 3.82 x 107
More than two countries 9.61 x 10°° 7.82 x 107 8.17 x 107 297 x 107
Others 279 x 10°® 8.94 x 107 238 x 10°® 3.40 x 107
Total 771 x 10°° 8.94 x 107 6.56 x 10® 3.40 x 107

Table 15. Average daily dose (ADD, non-cancer risk), hazard quotient (HQ) and hazard index (HI) of heavy metals in roasted coffee
bean by the country of origin

Average daily dose (ADD) Hazard quotient
Country of origin (mg/kg/day) HQ) Haza(fgl)index
Pb cd Pb cd

America 527 x 107 431 x 107 1.05 x 107 8.62 x 10™ 1.92 x 107
Brazil 139 x 10° 3.83 x 107 278 x 107 7.66 x 107 3.54 x 107
Colombia 345 x 107 575 x 107 6.90 x 107 1.15 x 107 8.05 x 107
Costa Rica 2.16 x 10° 6.23 x 107 431 x 107 125 x 107 556 x 107
Ethiopia 527 x 10°° 1.92 x 107 1.05 x 107 3.83 x 10™ 1.09 x 107
Guatemala 345 x 10° 7.19 x 107 6.90 x 107 1.44 x 107 8.33 x 107
Italia 1.92 x 10°® 240 x 107 3.83 x 107 479 x 107 431 x 107
Japan 3.88 x 10° 2.87 x 107 7.76 x 107 575 x 10™ 8.33 x 107
Kenya 3.64 x 107 1.92 x 107 7.28 x 107 3.83 x 107 7.66 x 107
Panama - 1.44 x 107 - 2.87 x 107 2.87 x 107
El Salvador 2.68 x 10° 431 x 107 537 x 107 8.62 x 10™ 6.23 x 107
More than two countries 412 x 10° 3.35 x 107 8.24 x 107 6.71 x 10™ 8.91 x 107
Others 120 x 10° 3.83 x 107 2.40 x 107 7.66 x 107 3.16 x 107

Total 331 x 10°° 3.83 x 107 6.61 x 103 7.66 x 10 7.38 x 1073
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Table 16. The %PTWI of heavy metals in roasted coffee bean by the country of origin

Pb cd
Country of origin Total weekly intake PTWI Total weekly intake PTWI
(mg/kg b.w./week) (mg/kg b.w./week)
America 3.69 x 10° 0.01 3.02 x 10° 0.05
Brazil 9.72 x 10°° 0.04 2,68 x 107 0.04
Colombia 241 x 107 0.10 4.02 x 10° 0.06
Costa Rica 1.51 x 107 0.06 436 x 10° 0.07
Ethiopia 3.69 x 107 0.15 1.34 x 10° 0.02
Guatemala 241 x 10° 0.10 503 x 10° 0.08
Italia 134 x 107 0.05 1.68 x 10° 0.03
Japan 272 x 107 0.11 2.01 x 10° 0.03
Kenya 255 x 10° 0.10 134 x 10°® 0.02
Panama - 0.00 1.01 x 107 0.02
El Salvador 1.88 x 107 0.08 3.02 x 10° 0.05
More than two countries 2.88 x 107 0.12 235 x 107 0.04
Others 8.38 x 10° 0.03 268 x 107 0.04
Total 231 x 107 0.09 2.68 x 107 0.04
PTWI, provisional tolerable weekly.
TEUS & ¢ AT ES WF AR 55 AAY E S ojstE AdFotd AT F+EUS YEHIH o] g2

HEFE BH4L 1399 2.31 x 10° mgkg bw.B 7]|&
Zk 0.025 mg/kg b.w.9] 0.09% FEJE & 3= qlch =4
Al EFH7FE Y1 B(JECFA)ONA B2t 7t=w9] &8+
ZHAFTAZEPTWI) 2 20054 o] wta glo], 2013
| AAIE L FHATAZHPTMI) Q1 0.025 mg/kg
bw.E 42 U 6.25 x 107 mgkg bw.E Adta] A4
6P"E‘EHZI] A 5 7tew FHAFE ol 7MY =2
2 GuatemalaZ 1 $=2= 15Y0) 5.03 x 10° mg/kg
b.w.gix]lﬂ, 7123k 6.25 x 10° mg/kg b.w.2] 0.08% &
L& 7IER A e B2 $E2US & &l 9F
Mg 557 AR 7w FHAEFAT B2 150
2.68 x 10° mg/kg b.w. 2 7]Z3F 6.25 x 107 mg/kg b.w.
9] 0.04% F=dS & = AUtk
ol A3t 55719 AF AA| A= |, IEFE 5
TE A& dLFAAFF(ADD) Y FAAFH7HES
°J9J(JECFA)01]/\1 B7eE O, e Bo] AR Z=714 25H

ZFHPTWI) ZF 52 vlwsto] 13 59t o= w7tz ¢
FE 3ok C’JJL FERAA] Ttk AL A3t
g2 A AFE 15Y0] 9.6 kg o5, FIEFES 21.6

detl=t 7 BHAS 6543 kg H83 GO E AT
o] BHAF9] 2/3 ARl utE Ao AE Y% HH @
£ 8% 94| 232 oA FHY &A1Y AFol| @A
285t 7o) "asitt o] Ao Ane A= 15Y
o 9.6 kg o]at& f}jﬂéﬂok QFdstH, oA @ol HHs)
tEte F34 4H9 SHoAMe dHsitE AS ¢
o, Ane It HHE SFEEN ofyzt, Fiy|
Ql =53 §j4t Tk Bu] 9] B2hgo] MEHE olF
oE nEe AT 49 An 47 desitta Ho
Zch,

Conclusion

HHA G5 B A
of st U FEE

H

A 9 A% 9% T
9 F34 FF AAE ANk AAks
GC-MS/MS, GC-NPD, GC-ECD, LC-MS/MS and ICP-
MSE BT BARAS AHSAL, A4 Uk A4S
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AL 93t AEFHA|(LOD) BEx= ZHz 0.0003-0.0021
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mg/kg, 0.0077-0.0079 pg/keg1l, FLIA(LOQ) T E=
7F7} 0.0008-0.0064 mg/kg, 0.0233-0.0239 pg/kg B
A A=A AFA] YERE R 32 B 0.9929 ©]
FoE & AAAS YR, 35E2 Bt 95.4%-
106.1%% 2% 51839 ¢t 3= UErilch

Ag A2 AA 7979 AYF F ARt A
EEA Jtot, 70719 AnFoA Holx 17 o4t
FaHol AEHAY. SE5Y HEES AW 1 T
< "ol 7|EgE 296t Alae gl

HolA 3 FEE AFE 59l A BUHE AW
stk o 9 7tEgo] oigt LS E(CR)yE BF 10°
olat9] 2 Ueh) AL AFsIA L, LI =
H7tolA FAl F 9 FtEEONA H]‘Q%H’%%HE(HI) 1 9]
ok9] #s UEW TS AATE.

01-
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4RI Be $35 BHE o8 3o 172
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25 §FETWD T ¥ ) %PTWIE T3kch
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