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Benzo[ a|pyrene contamination in jujube dates and
dietary risk assessment

DING Chao. QIAO Xiongwu" ; QI Yanli, HAO Bianging, QIN Shu, MA Liping
(Shanxi Center for Testing of Functional Agro-Products, Laboratory for Risk Assessment of Quality and Safety of Agro-Products (Taiyuan) ,

Ministry of Agriculture and Rural Affairs, Shanxi Agricultural University, Taiyuan 030031, China)

Abstract To clarify the contamination level and dietary exposure risk of benzo[ a] pyrene in dried jujube dates
(Ziziphus jujuba) in China, 100 dried jujube samples were tested in a survey. The concentration distribution of
benzol a]pyrene in dried jujube dates was estimated by the non-parametric bootstrap resampling. Combined with the
jujube dates consumption data of two representative Chinese populations (adults and children), dietary exposure of
benzol apyrene through eating jujube dates was calculated. Referring to the Joint Expert Committee of FAO/WHO on
Food Additives(JECFA) for the point of departure of the carcinogenicity of benzo[ a]pyrene the margin of exposure
(MOE) was derived for resulting the conclusion of dietary risk of benzo[ a Jpyrene through consumption of jujube dates.
At the same time, for identifying the source of benzo[ a]pyrene contamination, an analog of drying process of fresh

jujube dates was conducted under laboratory conditions. The results showed that: The mean of benzo[ a]pyrene
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concentration in jujube dates was 2.00 p.g/kg. and the value at 97.5th percentile was 7. 30 p.g/kg. Dietary exposure of

benzol a]pyrene by consumption of jujube dates at mean intake contributed to 0.000 013 pg/kg bw. d for adults, and
0.000 054 pg/kg bw.d for children, and at high intake (97.5th percentile) , contributed to 0.000 152 ng/kg bw. d for
adults, and 0. 000 535 pg/kg bw. d for children. MOEs reached 1851 852—7 692 307 at mean intake, and
186 916 — 657 895 at 97. bth percentile intake. This was much higher than the JECFA recommended MOE (=10 000) .

At the same time, considering the low proportion of jujube dates consumption in total diets (0.03% —0.25%), the

exposure of benzo[ apyrene by consumption of jujube dates could be concluded as low concern of dietary risk for health

of target populations. Through laboratory simulation of fresh jujube drying experiments, it has been proven that coal fire

drying is an important reason for the high concentration of benzol[ a]pyrene in jujube.

Keywords Ziziphus jujuba; benzo [a] pyrene; dietary risk assessment; Bootstrap; MOE; uncertainty

LI (Ziziphus jujuba Mill.) 2R 7= T3 E 1)
TR Iz AR T A% DR Y R
(LT 380y — b 245 2 ] 52 Ot R IR AR . B K S
TR OB A JFBET L 20152019 4F ] 3% 5 21 A 45
SRR A 7 203 900 . A 7RI 2 RO A,

H Al R B 202 TR DLy o F L, &5
G330 B | R T 2 A 2D R i 2D A R AT
TR LA TR A AR TR T 2 A
Tk, NIk 22 gt Jurg Jr sk A B it 1
FLKHET o AR BEFh J7 ¥, % B IR ik B 60 ~
70 °C L IFORER 48 hy DU R SR Wi dth 28 koK 4,
IR KL, 1A BE ] 3 7 v AN T sl A 2 32 3
£ I 3% 4 (Polycyclic aromatic hydrocarbons,
PAHs) V54, S H AT 208 T b B ok sk
R I 5 2N AR BT 328 8 1) H, AL T
R R U |E P SN I A S S - NG Y )
32 T R 2R A BRI A A S 4 8 T R AT SRR
BB TR

R T LA B e A )L AT A B 3 S5
N B3R 22 5 T L 3 e v Aol A 24 B Ak 24 5 B
TN TTPOE P Sl =D IMIE U R 1 LN RCE ¥ R
VEE T 565 e ) R 5 3 /D R 1) O Ot T L
£ PAHs 5 Y 5| R 0 20 812 &8 4 4 OC [A] 8 ik
EUIE S

SRS 2 R AR 5 22 A XU A8 B T X
PAHs 4250 F s 1% 3¢ P 578 20 42 70 42 ARk ik
g ESSIR  (E R, £ 5 s g PAHSs 5 & i R
DR f I LB 20 2D 90 AEARHI A S R 1 R
LA FAO/WHO & il & € RE i &
(JECFA)BSRTE™ . £l i T35 Je 15 K95 3¢ VI
5 g — e  y PAHSs 51 5E filt BE XK ¢ 1 By 48
ML PAHs LG — RS W, o 2 80pk =
Fr 988 E WF X LAY (International agency for research

on cancer, TARC) J& ¥ B W) B, i) & He b i
I [a ]t (Benzo[ a |pyrene, BaP)# X & N —25
TR BT VR AR 25 W T T4 B XU DF Ay £
BB b o 1 P AR R AL B

BaP (14 {5 JXURS: 7 56 J2 HL 38t 1% 2 14 A B0 7
J& T T 1 B R PR s — R AT R o A0 9 0 2% i
FR{E (Margin of exposure, MOE) ¥ #F 47 i & & 8%
KBS PEAL . H AT, MOE % J2& B br Bk 2 #8 KU 17
75 R A 5 R Y 2 R PP AL . X
T3 1 T B2 S I B L LA BU R R 46 A (Point
of departure, PODME NS H{H, L POD 5 &
REENHEE LR, HHEENKSE, EiFHE
POD i 2+, [E BRA1 4L (i JECE A) H145 [ (R o
B 42 e (EFSA) M1 38 [ 36 4 Js (USEPA)) % T
[ A 1 5 ol A T) A i o 390 et 95 00 15 X W]
TR (Bench mark dose low, BMDL) i 1145 %1 15 H
AR POD 2% 1{H, % T JECFA £ % [ 2k
A R HERE POD {8, HA T4 i AR 1, Pt
SRR POD 2% K4

24 AN ORI La JEETE Z P W) i 75 B
HEAT TG B KR PEAG L i E TR GBS ) IR
CEL ) 7K i 0 il il s R0 22 b A 1 45 B b Y
BRI, R A /N S R € B T £
A BaP 15 Yok Ol S H 0T I £ 4t BRE RS Y A 5%
AR ILARIE

ENIERE 8 NS TR =S 7 ok K= B EA R
AT La ]l & 5t AT I A BT, A6 LB ff 20 AR [ 1
il 7 2K A S 6 2 A 0L L SR T ME 23 PP A 5 v A B
ML R TF [a ] & BAKF A AR R A
i, PPN LR £ 2% 6 (B XU L 4 A OB g P, B
E W8 3 = T i 204 b BaP 5 Ytk LR 58 i BaP
Ji B AR DEAL L O DAt R R A8, 48 Y £ & b BaP [R
i (E R TG Y L
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1.1 iR (FHOT)THERE

SN T W NN DN G N S S SN R N
IEFE B 6 AT A R A T A AR B T 3 R A 100
A T2 AR 3 IE R (3, BRIk
I 500~1000 g, RAERESE T 24 900 L) |
A 5 R R T R Y R R R T . SRR AT
A5 Ml SRy R 214 7 KO L L P L L AR BV
T AT AR (L HIR XD AR LS T AT H &
R AR T T L S A
k™= dh . Zgert, IR LR W K nyin T4k A
A B AEA A 34 58 BE Rl 28 B A o S bR T
80% ~90% .

1.2 SR FHlAR N T A2

W T 3 b SR A B 14 i 6 21 7 S 40 S AP SR
TR A 1 000 g fELLA L, EE 3K ik
BB T WK S KR 25 % A, B
T .

DERTE. FENRE 20~23 CHRHETHR
BT .5 d J5 & BaP,

)RR HET AR T 60 CHEKE 12 h. BRI =
FL 12 h EEEEE 12 h FEEFEIR. 12 h 58
BaP,

3 HEKCHE T B A B TR O TR 30 em
Ib %)% 48 b JE K BaP,

4) URFE DR ff B 5 27 AR [l s FL4E A 4 °C
VKA .48 h J5 Kzl BaP,

1.3 ZE#FFm BaP 1

ZLATHE A TIUAL B - SR R EEY 200 g 414,
FE T3 AR _E H/NTD 43 U0 IF R 4% R R SR TT )
F 1~2 mm BEHBEAE T B O R R LIRS
B —20 CUKAE P RAF AL 2R,

AT R 1 43 88 AR 25 B (QUEChER ) PR 33 4
AN AL RE 5l GC-MS/MS J7 1 BaP,
1.3.1 XU E Fa K 7

XS« = O G T A IR AN, TS L S i TR
(7890B-7010B, Agilent, 3 [®) ; B, F K (TP6101/
BS210S, %€ 2 F W B} 2= A8 AL 50 A BRA 7)) 5 5424R
955 ML (Eppendorf, 8 [#) ; Talboys 945066 % £
HIREIR A Y (Troemner, EH),

R A La ] EEARE T (200 pg/mL, ¥z 58 K
BHE AR A PR B S (38 4, 55 F Tedia 24

Al K CZEAB K TN i B BG4 RO A BR 2 &DD
PEWCGRAL (N 4 g TTAKBRRREE .1 g FALEN. 1 g #7°
BERRAN 0.5 g M IR A 4N, By i R ( B B
AIRA A HALE (NS 200 mg JC K B R Bk
30 mg N-PNHE 2 Z e [E AR W B 50 (PSAD » I HE 4 IR
(HMOFRARAFD .
1.3.2 &R BFmarR

DFREEAZ VIR LR AL S 5.0 ¢ T 50 mL &
LDEF;2DMMA 8.5 mL /K. 10 mL ZJi§,2 500 r/min
PHE 3 mins3) fIA 4 g JC/K i IR Bk WkL .1 g S Ak
.1 g FPEBERREN 0.5 g ITBERA M. IrE .08
)5 SLZRFE 1 min, 2R )5 8 000 r/min &.0> 5 min;
DWH 1.5 mL CNEHE IR 78 2 TS REA 200 mg
JCOK B R BE A1 30 mg N-TN %E 20— e [ A W B 51
(PSAY LT, 38 B IR 30 s, .0 1 min;
5P 1 mL FIEWZ 0. 22 pwm U8 T uE B A HERE
R R
1.3.3 # &% BaP #9m

{035 258 . i Agilent HP-5,30 m 0. 25 mm X
0.25 pm A3EH, @REHRE 60 CHFLE 1 min, &
Ja LA 40 °C/min JF & 170 C, LA 10 °C/min J}I &
310 C. AR FF 3 min; HEAE TR E 280 C AN A
L AiEE=99.999% , ik 1.5 mL/min., H Zh#EAE
1 pL A3 FidERE , BaP {4 B B8] 16. 89 min,

i A& F TR 70 eV, B TR R E
230 C ALHZR IR 280 “C W AER 4 min; iE 5
FXR 252.1/250. 1, P F X4 252, 1/250. 1
M 125/124. 1, fiffE e i 43 5124 35 F1 10 eV,

R A 7 25, 204 rp BaP 78 1~100 pg/kg
IR B A8 0 el i Rk #) 98 % ~103% . HAK L 1,
F K FR (Limit of detection, LOD) A 0. 3 pg/kg,
F & = BB (Limit of quantification, LOQ) &
1 pg/kg. BMZEHR/NT LOQ & XA A K i (Not
detected, ND),
1.4 EHEALE
1.4.1 #mlzs R ey 5 & ND 4 AE

¥ 3 ANEE K MAEY =L0Q. WP Rl — i 1
R 3 AN (L) A R A 45 SR BT B AR
F—AFER R ; 2 3 A FH B A IE A
—/h ND(<LOQ) . #R#l8 EFSA 75 ¥ 45 1% FF it T
{8 . 245 5] 100 ASHE 5 R 48 1 $dlE . AR PE EFSA
S A AN A PTG A S U R R
Z BN AR AR JE BaP 5 4%, 75 N 52 i H 4 PTG BT Y
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Table 1 Methodological recoveries of detection of BaP fortified in jujube dates

BaP ¥ MK / /) TR/ (e /) I ek R/ %

BaP levels of fortification Detected values Mean Recovery
1. 00 0.91, 0.98, 0.99, 0.99, 1.01 0. 98 98
10.0 10.0, 9.8, 10.6 10.1 101
100 105, 94, 97, 109, 108 103 103

R4 T .45 ND e RAE, T /e Ze g it b 3, X
E AT T PR O A6 T 5080 Y b BESR AN 5k A
3 AT K I 25 B 2k ND 5, W 25 2% 08 5 A
1/2 LOQ, B 0.5 pg/kg; A H AT 2 /> 5 52 4 45
Ry ND fH W25 % i RE 2 LOQ. B 1 pg/kgs
HHPHEA 1 AEE ML ND H ., I a
2 AN R T 25 2R 10 7 B4 45 1R i IR
1.4.2 kA Bootstrap ¥ & it 4& £ BaP K&

K R geit & B0 T Eg 100 A4
B it (19 BaP K I G2 1+ 550805 G 1 4 38 1F e s 3
N X 100 A I 48 1 55040 450l 2 28 Bootstrap F
RS AT, 455 1 000 R PRI AE AR A AR PE X 1 000
MEA TR Bootstrap FEAS H BaP Al 55 1 i 70 £
S8 B 95,97, 5 F1 99 A3l K HE (S ER L
T T — PPl 20 2 h BaP JiE & 2 52 8 KU B H
AN E T
1.4.3 HHaR P BaPWBELRES

LR R AR A R B FAO/WHO £ #
AR B B 1 b 4 At b O e
HIFARTAHHE N AR HEES PG
A ZHARAUE I A W ) T 208 N A R g it
i, UL HETT B B AW B ARG &I 2
ERIERFBIAOLNRZEREHRALR. ITHEA
KUF .

R £ 2 AT R =B B/ WA A B
(D
KIEREE A & (g/kg bw. )=
R A (g/kg bw. ) X REETH 30848 1E R EL
(2)

MR DL 25 3R 15 2] (1 21 2 o BaP A% 52 R & 43
BRI A AL OE B A i TR RLAE N RE
(15~49 Z 24, LN RN FLZE AR (3~5 %
AL LU i JLE BB KA T IR E R TE—
e A CFBIED Fl s i B A (97. 5 43 A {ED /K F- |

LA BaP E G REE&E., HHAXWT .
B &% & (pg/kg bw. d) =
fli %5 BaP 57 53 8 (pg/kg) X
K IEREEH AR (g/kg bw. d)/1 000 (3)

A5 SR FH A B0 MR s SOR LA T IR E
H R a8 BRI i 82 04 4H DG S 8003 e (R 3 4 53 3
BATHRESHHER@EE O B8R EEITTH,
1.4.4 LR BaP A R 5 KL oF A%

VAR B AL T M MBUE ML &9 AR 4l JECFA! |
EFSA"/ Hl USEPA" M )5 1 . R F 2% s BRAE 12
RUARH BaP sh 43 560 14 551 - S0 G 2R 0 o 3 ofE
it 95 Vo B A DX ] B Sk B0 PR AR 16 o5 AR BE POD
Y5 BaP Jif & 5 5% 0 1 Lb (B A5 2R 5% BRAE T4 5 6
AU

XF POD {H.JECFA ## 0 100 pg/kg bw. d,
EFSA # # 4 70 pg/kg bw. d, USEPA #f % N
71 pg/kg bw. d. ABFFRERE POD=100 pg/kg bw. d
THE MOE, #1721 % v BaP i & 2 # XU F £l .
HHEAKXWT .

MOE=POD/ i & % #& & 4
K MOE k2 #% FRAA , Jo it 49 ; POD b 30 1
15 . pg/kg bw. d.
1.4.5 A EHET FRARLER GG

KH R GEHZ KT, X500 = AT 4
PRI AL B 3 Y 2 BaP A i K04 5O 22 40 #r
A 3 ) 2 S 0 MR G L O i 2 A SR DU 45 SR 1Y
AL LA BaP 15 e (IR A

2 HRE5SMH

2.1 TFHILER BaP WiIREN T

SR, 100 L0 HE S A 60 SR L RS
BaP i & 730 5= 1.0Q, & A5 % H 19 45 ND
k(1L %) 5040 Ak BE 7 35 L 100 A B & 4G T 5448 L BaP
J A A B /IME R 0. 50 pg/kg, E 1. 05 pg/kg.,
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SEIIME 2. 00 pg/kg. B KRAE 9. 80 pg/kg., FEA IR
OB L 2, B S LT N 2 &5
SR R R B B S, 98 %6 (98 AN ELHE) 1 K T 45
HATF ND(<LOQ)~38.0 pg/kg.

F2 AFFEH[2JJERMNRESHIHH
FitFER
Table 2 Descriptive statistics of distribution of

BaP mass fraction in jujube dates

% 3 Bootstrap B A E IR AF BaP &

Table 3 Estimation of BaP in jujube dates

A6 I B B/ (g / k) S ZPUR
Range ol[i AR SK PR/ %
Frequency

measurements eCDF
=0.00~0. 99 40 10
=1.00~1.99 25 65
=2.00~2.99 2 67
=3.00~3.99 19 86
=4,00~4.99 7 93
=5.00~5. 99 2 95
=6.00~6. 99 2 97
=7.00~7.99 1 98
=8.00~8.99 0 98
=9, 00~9. 99 2 100

through bootstrap reampling ng/kg
Piies e »
i 95 % B A7 IR
WA () P 1 2 95%
ean
Percentile SD Confidential
of mass ]
interval
fraction
{8 Median 1.05 0.13 1.00~1. 30
-4 {H Mean 2.00 0.20 1.68~2.34
95 43 fE P95 5.87 1.03  4.24~7.70
97.5 43 fifl P97.5 7.30 1.32  5.37~9.61
99 43 ifE P99 8.51 1.35  6.40~9.80

2.2 BaP iRE#NE R Bootstrap i & 4t it

K M AE 2%k Bootstrap #-4il1 F£ £ R XF A BaP
A BTG A B, 28 1 000 YR PR L A5 5
X1 000 AR FE A 1 A6 {1 25 28 (P P (L 95
YA L 97. 5 A3 DL AE A 99 xR K HiAw v 2 Al
95 % EAGBR (R 3) . Fi MEJRE 1 5 8 KUBS DA 5 431
HJ T AL b BaP X & OB AR A
W, A58 K FH AE 2 81 Bootstrap fili 3 HE A (1) °F- 3
fH(2.00 pg/kg, H 95 % BRI M 1. 68~2. 34 pg/kg)
FHT — BB AT, R0 97,5 0 0ifB (7. 30 pg/kg.
95 % EAFEBR N 5. 73~09. 61 pg/ke) T 7 v #E A
it
2.3 AFXH BaP HERREE

2L A BaP Joi & 43 FOfb (E 20 (3R 3) )
PEA DO SCHERL 22 VB8 1B R &I 28 R AL IE &R
B AR 2 20 (2) (3D 5 A R RN L B 21 A
AN BaP ##EE GE 4, RAFKREMRE AREW
SR RE BT O ARGV O A B N2 rh BaP

JiT 2 53 B0 Bootstrap i {8 , 154 21 ¥ Ak 7 F1H 2% &
PRLET L1177 2K (4 BaP JiG £ XURS: 5C B B8 o B 4 1A &
THA W BaP % 88 &, L A B 7K 28 0,000 013
pg/ kg bw. d.97. 5 3 {EIKF-R 0. 000 152 pg/kg bw. d;
JLEESE 47K 4 0. 000 054 pg/kg bw. d.97.5 4
fH/KF-2R 0,000 535 pg/kg bw. d. I L3 AT DA
F il O 5 R 0 06 R L E AR AHE
PO A R R R
2.4 FEH BaP RENERIXK TR

P A (O AR AR R FL B 2T & b BaP
FAE KM R E R (R 0. RH POD=
100 pg/kg bw. dit B AT RE(FE 5).

AT AT B rh BaP 7ELLA — i 5%
A CE¥ED K F i MOE Jy 1 851 852~7 692 307,
P21 fm o Bk A (97,5 43 AED) K B/ MOE
186 916~657 895.,2 41 A\ — it A K F 19 MOE
L e o 46 AZKSF B9 MOE fm  — D8 9, an 214X
ZIBA RN BaP 28, S % EFSA #i1%, A &
BaP i £ % 2% N A% XK K S /9 MOE {8 i K F
10 0004, M B A KL 2 S ABERY 2 DR B AP
% MOE 3 KT 10 000, & TR HE £ 2 5% K& .

RHE FAO/WHO & i % 25 157 6 80
PO b E G SR S A H S R
BANTHRERESEITE.15~49 % AHKRENT
53.1~59.7 kg,3~5 % JLEMEKEAN T 17. 1~
19.1 kg, #% MR & B & R E F5 A HE WG iR &
2010—2013 4F%H L & 1R — e AR B (B vfE A
HHERERE RN 1 273.7 g AR FREEEAEK
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Table 4 BaP exposure doses through consumption of jujube dates for Chinese adults and children

LT BaP i B S T.T Bt
ZL A al ol ) & EH B
) SOAE A/ T maw o
‘ il 7K - A (ng/kg) 2 IE R BaP % % i
NFE o ) (g/kg bw. d) (g/kg bw. d)
Estimation Mass fraction of Calibrated (pg/kg bw.
Populations Jujube dates Calibrated

category BaP in jujube consumption BaP exposure
consumption jujube dates
dates rate )
consumptlon
B SE #4948 2. 00 0.788 7 0.006 55 0.000 013
0.008 3
Adults 97. 5 4 PifE 7. 30 2.509 7 0.020 83 0.000 152
L - fE 2.00 2.402 4 0.026 91 0. 000 054
0.011 2
Children 97.5 s hifd 7. 30 6.544 5 0.073 30 0.000 535

x5 HhERAMIILEIEER S BaP 2E MOE &

Table 5 MOE contributed by dietary exposure of BaP in jujube dates
for Chinese population of adults and children
o fli (g K R PEAR G R/ BaP 7§51/ TR
) Estimation (pg/kg bw. d) (pg/kg bw. d) Margin of
Populations

category Point of departure BaP exposure exposure
W Tl 100 0. 000 013 7692 307
Adults 97.5 Sl 0. 000 152 657 895
L R m 0. 000 054 1851 852
Children 97.5 S pifA 0. 000 535 186 916

HANEHE R 0.39~1. 11 g, A HERELED
0.03%~0.09%;4~6 % JL#ES HEEEE N 559 g,
ARRIERERA RS AR HITE R 0.46~1.40 g,
2R SR 0.08%~0.25% ., 2 N ARSI
LIARER R B AY 0. 03% ~0.25%, Al lLar
HOR TR R A FE ALY, X BaP R
T 5 1) TR AR AR B 5/
2.5 ZWEFHFELEEMNLE

SO R I 4 SR R L 4 ARG A e
BaP i) 3 22 i PRS2 5 MG T 5k 7 i, O AOHE T o
 BaP Vi B B 5 2 T L 5 20T R 40 A BaP
WERE . E SR T RS A ML T A B Y 21 BaP ¥
JE 5 A Bal WRIER A B 25, AR AP
o BaP W B R ZORIE (R 6 M 1), M1 K
BARFELL BT UG L 4 AL Y BaP i 3 A I 45 R
25U, 5 A PR 2K B AR EE L R O T A B

BaP rp (37 { CR M ML 40O ok =R B AL BEARY 16
(FER Sy < 121 o 1N S DA 7 N S S A DA 1 RN
b S S GRoR /IMED [ R BOR . Bme T 4%
JHETRE i A B BaP A6z I e 8 5 g, T HL 4% 42 1]
22 58K

RS AR T — A R PR T 20
XF HEaR g A, e BaP WK K- ARE B 5T
A e K S R HE R

31

3.1 #ZEH BaP THKE[BITHARHEN.

R AR A o ARG 235 SR, SR AR 258 DE AL O ik 0 21
t BaP 5t it 20 B AT A6 A N (H B KA 20 f BaP
o7 B 53 A5 4 T A AR R AE L o AT DUAS T A o o
KN Ry KBS e S A8 PR L T A i 2 5 5 . A E
58K I AE 281 Bootstrap FHMFERAR 3 H T XE LA
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Table 6 BaP in jujube dates in samples of laboratory drying treatments

BaP Jfi #7050/ (pg/kg) BaP mass fraction PR
5 = 5
T4 b 3 } -
Do 4 0 THE bR Level of

rying treatments o

Measured values Mean SD significance
ZE IR T4 Room temperature 3.4, 5.2, 9.0 5.9 2.9 a
¥EF 4% T Electric ofen 5.3.5.6,5.6 5.5 0.2 a
S KHET Coal heating 97.6., 45,1, 128.3 90. 3 42.1 b
VKFE R Refrigerator 8.1, 4.0, 3.7 5.3 2.5 a

TE oo IR ICHET b L5 B Kk B W) 22 S A 3 (P<<0. 01D,

Note: ** indicating extremely significant difference between treatment of coal heating and other treatments

(P<C0.0D).

— — —

o] [ [\ -

=] (=] =] =]
T T T ]

BaPJifi 4t 4340/ (ng/kg) BaP mass fraction
P D
(=) (=)

[
(=]
T

—_—

VKA R B Refregiralor

WA T Electric oven

T8 KHET Coal heating ¥ T-4% Room temperature

4L FE Drying treatment

Bl AETFREAEOES BaP RESH

Fig. 1 The distribution of BaP mass fraction by different drying treatments

PEATEE T A BERIAG G . S T A iR
PRAL L L Bootstrap 77 ¥ A A6 P W 22 , Al 8 5 1] =)
FIR A L Y

2L BaP {5 3K P Al B B 7™ H L A 7 i (E]
AT A AR . B IO £08 A 7 B v
B M o3 A A B R ORUE S AR T K I B
ORI 7= i SO B N 92 i DR UG, A 5 R
P SRR T 35 FRS I 45 2R A B m] & A4 B i T A AR
w1

M EFSA 77 i A BRI 45 8 o ND {89 )5
T I A2 A 35 A7 B BaP A [6) B2 B V5 4 19 XURS fi
U AERA H (ND, <<LOQ) &5 5 9E 17 (B b 3, 75
ND {6/ F 50 2 B BL T (RG] 4000 s AN 2252 i

median 6. AWF5E4 3 A EE KNS5 LS ND
ARE R 1/2 LOQ. 5 ND=0 B H . H 45
AIHEHS K T mean fH; 5 ND=LOQ W {H [t , H %5
ATRESR /N T mean fH . {H2, B4 JRE & 2 8 174 &
BTG DN 235 5 43 A B A G i) IXRE XS ND B
F18y Kb 3 X M 25 SR 1 s e A PR

AHIE G R HT 43 B AR A2 0P B IR e Ak
(QuEChERs), GC/MS/MS J5 ¥ f& Il £ & w1y
BaP, 45 & 1 il 20 A 0E 70 Z2 A A= AU 9 BT 4 & 1
FEJRRAE L 3 F G 3 W BRE SR, B T AR ARG T X A 1
A TET S 3R R H R R ) ) i 4 BR G P E
(Fitness for purpose) JR M faifb T 2 Hrad 2, a5 8] T
[ N BaP PRI ZR (LOQ=1 pg/kg) FIRK % i
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B3 WD BaP AH GRS BR 1 K-
3.2 BEREBEANHE

R B P A — R TR AT A A KU T
i BB, A BF 58 % FAO/WHO £ 5% 4 5 1F
B PR Y G B B Rk SR T K M R
R VPG A E OB I S A G B AT
P B — 1 AN TR AT AN [ 00 B ) 4% B2 4y
VA K T 1R B A A A N B B A S B A
FIF AT 46 /NEAR 45 AT e Mk — b B, %
B A YR PR A S AR B T AL (15~49 %)
FULEA (3~5 )2 A AR 20858 ACF 3R
97. 5 S3iAE S 33X AT IRE B XU VA 7 A T 0
FRERME N BEFE B KT,

HoAl RS & B A T RE A I E R & A=A O
TR A AESE . X )E FAO 43 ) 317 %
BRAGAT L2 — AR 22 A JE R RE A (]
BE CHE 590 AT 8RR R NS5 A1 1Y 22 5 IFA I A
W PR K. TR IE R R R IR U A gE T
Jite B MR (00 4% i RS e 0 38 5 L TR 0 3 S K
5 L gl A A0 A B RS AR SR A
B B AT A, 5 Tl R — b
€7 = AN s W N ag G I R N N AR
3.3 4 KFH BaP TR SRERAE

H i 3 [ 1 A g7 2T 4 BaP B AR v DA
B L 208 T A ARG B AR /N — & 45
40 S LT A RE LR I BaP R 2> B <1 pe/kg
(LOQ) . H: 4y 60 A F 1~9. 8 pg/kg.97. 5 41
<8 ng/kg, FHEN 2 ng/kg, SHAE G X4
R hRiE GB 276220221 #15E B9 H B £ 5 b BaP
B AR IE (2~10 pg/ke) 3T . FRIL, U] a2 418
h BaP FRiE K 8 pg/kg, HLAEE Il & 2 88 &, LUK
PRXT T3 e B 45 4 B AT A PR K 3 A R IR R U (A
low as reasonably achievable, ALARA), & # 4§
DX B £ 9 % 4 vl g W0 g T i) BaP BR &R
5 pg/kg MKAE 2 — = 7 Wa DU 9 B b BaP B, 95 %
B BaP i BT 5 pg/kg 0,

IS5 B BRI 45 R F B LT R BaP g
e EFTTHRA U7 LA, 12 IR i ol BT O ok ik
INTETAS X AL 56 v 45 b 3N B R 0 2
S AN T T MR Ak B SO R ) R 25 B R . R ok
BT B TIPSR A B, R E Z A 25 R 22 5 K
RT3 NS e = B S N 3 o @ 1 SO N S A N )
BaP 25 fb i B2 A s VK AR P A7 1 28 4 0 7T g IR R B

sty Y4 50 1 2 T S B0 AL (R) A 7 15 22 5 T H B AR L T
HY T PR G AR E 5[] 9 FAT , A4 1A [] 52 o P A FE e
PRI, A A S d /s s WA HEBR 150 5 v AR
HATEARE R R SR E G R 2, HE, 2
S E PG 45 R R W AR g R kAL
TIRIZIR I 2L 45 = BaP Wk B2 B LA
3.4 BER R IEfE RN (Pessimistic) it 5 5K W
(Optimistic) fi it

JiG B 7 R DS VAl 5 2 Sy A [) 1) XU 27 B o O
P B HE  EFSA 184 25 5% BE 19 0] 9 XU DFA 43 A
AEULAL T AR AR T R SR b SR AT G XU
i A5 ™ B — 2, T ek R RE £ A R S AT
fE o AL EAS B BR Can ] 97. 5 43 0 (AR 3R & i
P B B2 AL THED 5 7 5 5 48 XURS Al 3R R
FHEAR Y 53 7 {8 F0 & AF T BR (A0 mean 8 3R — i
AT A THED 0 L AT KU T AR B R S
SETE RGN 58 3 1 00T . 18 W] RE 7 B4 0 A WY
(Expert judgment) , $& & £ 95 U4, DL AR AG 3 (9
AHE M. VR B a2 A KU PE Al AS AT sk A —
I VPAG G5 S 0 AN 2 R S Fe KPR BE W O BRI
LA Ay DR A5 2 o 5 i (L 0T o 2 5 B

ABFFELLA T BaP i 1 2 8 WP AR T 2 4140
i B T mean M PPAR AR — i 2 88 7K 1Y VAR T
FET 97,5 43 i AE 14 15 i 4% 6E VEAN 8 TR SFIEARL L
PEAS TR XU fi 4 DR 5K 2 7%
3.5 4% BaP 5HT PAHs X &

Har, Efr. E N EHE BaP 8 PAHs 2516 &
Y B 35 0 R AT AR R AU B A T e A S
TE PAHs RALE Y9 RBUE KK . il USEPA
X Z Fp AL 46 BaP 75 N1 PAHs 38 1 A1 X 5% K7
#: (Relative potency factor, RPF) #4171 B 5 1T
Wb, AL BN 4T R PAHs () 2 RUES
7 8 WU Al — 20 B A 9T

4 # g

BT R AR, A B ST B
mr.

1100 A~ 17 B 40 = A 5 BaP T i 40 3 <<
9.8 pg/kg, HH A 40 NS A BaP FT i 5 B <
LOQ.Z4EZ# Bootstrap S itk & . 4 & BaP Jit
wOECTAE A 1. 05 pe/kg, FHIMH 2. 00 pg/kg.,
97.5 S ifH R 7. 30 pg/ke, HAH & M & & o
BB 9526 B A7 BRRAE
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2) SR 2 HR BRAE VL HE 47 3 T BaP it 4% 7 o Al
O 0 B KU PE A L 40 & B BaP 2 52 (1) MOE
{H7E 97.5 3 BEAE P35 186 916 (JL#E) ~657 895 (Ji%,
N, KF JECFA #E#H MOE>>10 000 [ % 4
IR TRV, 2 3 21 A (9 fIK T 2% % (0. 03 %6 ~
0.25%) 214 BaP 15 44 & TR £ 5 8 KU .

3) LT AN B KU DT AR I N B M RR o
ARG A 5 A7 T 8 W PEA R B A2 T RE AL AR R
M RE B S (H RIS B 2 A =S &L R 4R
BT 3% EUR TR 1 B 85000 % 2 i 20 49— R i
it o AL B A A T A O oK R BT
T,

4) AT 21T A R 00 45 R Bon L B JOHE T
JE 3 AT A P A BaP W A B RN L T BT
0 TR o LA o
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