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Abstract; Chili pepper can absorb fluoride during coal-drying, which is considered to be the main exposure route
of coal-burning fluorosis in southwest China. In order to explore the effects of fluoride of coal-roasted pepper on
human health, the process of pepper roasting was simulated, and the changes of fluoride content in pepper were ob-
served by time. The physiologically based extraction test (PBET) was used in vitro digestion. The United States En-
vironmental Protection Agency (US EPA) target hazard quotient (THQ) equal to 1 was employed to infer the maxi-
mum daily intake of pepper containing fluoride. The results showed that the fluoride content of pepper in the coal
roasting process was significant, with the highest value of 91.52 mg-kg™', which was 13 ~51 times higher than that
in the control group. The fluoride content of all coal roasting samples exceeded the limit value (1.0 mg-kg™") (P<
0.01). There was a significant positive correlation between the fluoride content of pepper and the roasting time (r=
0.992, P<0.01). The bigger dissolution amount of fluoride in pepper with longer roasting time was observed in gas-
trointestinal digestion test, reaching a significant difference level (intestines: r=0.951, P<0.01; stomach: r=0.949, P
<0.01). There was a positive correlation between the digestion concentration in stomach stage and intestinal stage (r
=0.960, P<0.01), but roasting time had no significant effect on the dissolution proportion of fluoride in pepper.
That is, the ratio of actual absorbable quantity (64% ~83% ) was not correlated with roasting time (P>0.05). The
bioaccessiblity of fluoride in pepper at different stages of digestion was stomach stage (53.46% )> intestine stage
(193%) (P<0.01). The digestion and dissolution of fluoride in pepper were mainly in stomach stage. In addition,
with the increase of roasting time, the threshold of health risk of burning coal roasted pepper continued to decrease
(r=-1, P<0.01), and the threshold of health risk of children was the least. Based on bioavailability, the health risk

threshold of coal-roasted fluorine-rich peppers increased by about 31% for all populations.

Keywords: fluoride; pepper; health risk assessment; bioaccessibility; coal roasting
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vitro) o 3| T HAF I A e R oAl )8R A= T 45
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Je FE T AT i R H B B (f B IXURS: R (), T



4 4

B AT < £ HIRRIEE I T 55 GBI L 1149 A A A AR £t ke XU R 403
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5, XA B0 A3 S HA 1 S T 5

BT, A SCUAABUI B TENS B, IRTHRIEAHLRE
5 BROPUIRL 75 B e A1) i 5 28 B ) AU A= 4 v T
ETERISZIR T 25 G LR YT S P S TR R
HURE B R H A, 145 S8 n] RERR IR IE 5
PR ARE . BEAh, A0 58 0 B xS AL W s AR g
J1 B RAC AW ] BV E R AT S IR B S H 0, iE
A RO TG Xl DX A H POK BRI E 42
PSS E R,

1 ##l57 % (Materials and methods)
1.1 BB

HEEBRBURE i T 2022 4F 6 H 18 B M A /S BK
T B R SE N I EAUIG K 3L 42 ), s 7%
Hu DX SE, BRACR T UL s | e TR 30 ~40
C, KM 6 h, 2 BITERERE 0 d(OVIRZH) 5,10 .15,
20,25 30 d WdERESY . ORI, RERAR VT BT,
FHB SR Y BE T RS o 100 B fiies A, 4
G 3 0, 803 AP ATRE SR T BB 45 4
(TMQC0006 , b3 I 28 A BHE A BRA R VE AR 52
BSBRIERE S, TR UE 7 IR A e
1.2 A

R A FE b v B AR 0 I 22 ) (GB/T 5009.
18—2003)) | >R FH 5 Yl K fiff 25 6 B rE AR VA A
5B T H % (perfectlONTM , Mettler Toledo , Hij ) il
SEPORURE A R e PR R A T 3 IR bR
TEY) A [ET SR 90% ~ 110% , A #8546 R 0.02
mg-L™,
1.3 AYynr R ik

BRSBTS 56 BT F 21 B A9 I3k o,
Ik A Sigma-Aldrich A 7], SR H1 Ruby 2% # 1H
PBET A& Z1MH LB BRI HLAE & B B T8 AL B, X
il NG 2 ASBYBOE AR T4 T E e, B
AL,

B OB FRIC 1.0 g #f 50T 50 mL B0 i
A 10 mL #4125 g- L' B EHE 0.5 g-L™
SEIRIREN 0.5 g- L' PR AN 420 wL-L ™ ZLA2 500
pL L7 EEHR ,20% R R H pH = 1.5), A pH 1T
(PHS-25 &I Ffg, o = L)t 4T pH A, BiziR
AWE T 37 CHHEKBFE(WYC-4030F # | K
R ) HRRE 2 h(n=100 r-min”', r=13 cm),
ASFERR E — AT, BUGRITR N 2 A58

WA B 1R B B BOE LSS S, O TP A

10 mL BHUA 0.5 g- L' R . 1.75 g-L7' iHEh) iR
& J5 A NaHCO, #75 pH 2 7.0, FHiZ IR G E
T 37 CHHIRARBFTZEY 4 h(n=100 r-min™', r=
13 cm), FH20% EHER(V : V)uiifl f1 NaHCO, 187
pH, i HARERE 7.0 A48, FeJo #2508 B L (n=
4500 remin”', r=13 cm)&.0> 15 min, B [ 3 & ok
045 pm JEME BUEW T 4 CIRAARM, BT
T3 H A% (perfectlONTM , Mettler Toledo , Fi —+) 47
A, H BT AT TR B
Vi =(CyX Vi (C X M)x100% 1)
A Vi, BT SEULE B B Bk B B i A= ]
%M ; G, i PBET SE50 B W sl & v b il () Je 22
W (mg-kg™); Viy WA AIAT(L); C, IHE
TR (mg-kg™); M, WAL T (kg) .
1.4 JHA R BRI
FREURE S T 50 mL B4, an 1.3 ik, 1§
HALES RS, B B B B A 25 mL B T 2%
PR TR (TR B ), i — 247K (ATSgenc1810Apro,
LR A AR, o B AR 50 mL, SR
U T HL W (perfectlONTM , Mettler Toledo, % +) ik
173 WIIE % AR BR R 0.05 mg-kg™'
1.5 FE B AR B aas vk
FE S B TH ALY B AL ) B A S
mr.
A =EMBE RN BIA R ()
2 B R S ORURE S T T B B A S AL
Py th Rk B 2 Fll(mg - kg ™) 5 18 B BOigs Hh o BRBURE
i 5 B Bl AT AL kB (mg - ke ™) s B B B
Vst R BROABURE & i B B T L S LAk 0 i Wk
(mg-kg™),
1.6 EHALY B H A STk
PIRH US EPA #2H 9 B bR f6 5% R B(THQ) A
7 R RRE AU (THQ <1) Ry J 1, £ FHRA S JL 8 AR
BAHBEARITEART .
ADI=THQxXR{D 3)
IR =(ADIXBWXAT)/(CXEFXED) @)
A ADI M8 M4 H A E(mg-kg™' -d™"), C A3k
ROHR R o 5 1 o B B ) MR ¥ (mg - kg '), EF
FORIREEIN (365 d-a”'), ED NFFEL R EE I H] (a),
AT S} -3 2 #2 i [E] (ED%x365) d, BW Jy - 444 5
i, RID ISR BRESH R (ng - kg™ -d™), IR
METFERESRKHEARKeg-d™"), kI US EPA
F RID 4 0.06 mg-kg™' -d"P" HARUEIWE T,
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AR5 SE 5 B0 PE % ] Excel 2019 B BHEE 5 1
Z%,SPSS 22.0 ¥4 4t i FAH 54 14 43 Hr, OriginPro
2020 B HEAT IRV 43 AT RN B, 4L 1R) B OR B
ML BT 22500, #H MR Spearman AH 56 43
Mr , K5 /K e a=0.05

2 Z55 (Results)
2.1 BG5S HUE R R OC R

BT FIEERE 1 PR, SRAS(E
i TS Y IBRAE ) (GB 2762—2005) (1.0 mg-kg™" )P
FRAE A 22 57 (P>0.05) , BRHEL IS 2H SBUABURE i b v
JEXTS T AR MEFR(EL (P<0.01), BBURE i S0 B2
1.74 ~94.7 mg-kg™", % 2H BRI B K/ A 30 d
(91.25 mg-kg')>25 d(70 mg-kg™')>20 d(51.65 mg-
kg™)>15 d(43.3 mg-kg")>10 d(33.07 mg-kg™")>5 d
(23.69 mg-kg " )>XFHEZH(1.79 mg-kg ' )(P<0.05), ¥k
POV B 5 8 925 B ] 2 1E A 6 (r=0.992, P<0.01),
SERRMW AR A BEREAE 1o R vh 25 R AR SR & 4R

et FH [l 9 A5 T8 43 I, BRSO B () (mg -
kg™ ) SRABERLE I ] (x)(d) 2 WA BE B4y, Il A
FFEHN y=2.140x+0.019x" +6.784, R* =0.975, F=
761.180, P<0.001, 5 8. 3 7K V- (a=0.05) L 85 ] 01 [m]
H R Y, IR e RE(R$E 1, 3R
A Sy 1) Z2 I I A AR HLA R AT [l 4R
2.2 HIHBBORSEERE i S e B ] OC R

niE 2 FiR 25 2 BRBURUA D AR R, 0 ~
30 d BURURE i v U L A I ] 2 E R O
KR (r=0958,P<0.01), ¥{EIE K 137 ~67 43 mg-
kg™, 5 A BRI AL B SR (69.91+£6.73)% .t 3
JiR, W B S U A R B A G SE R (r=
0951,P<0.01;r=0.949, P<0.01), {8 78 B 43 51 &
0.19 ~1746 mg-kg™' 1.17 ~50 mg-kg™' . B ELA

i 5 B B i 2 IEAH OGO R (r=0.960 , P<
0.01), Z5FULER B (%) S 7E B B T Ak B R
RS AR, 1 1 ek Bt o L i [ 6 fim g 38
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Fig. 2 Actual available fluoride concentration in the
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Table 1  Values of health risk assessment parameters

INiid 1A B kg SF-H A R e TE)/d FFLE BRI Al /a

Population Mean body mass/kg Mean exposure time/d Duration of exposure/a
L#

JA = 259 2 190 9
Children
ol 69.6 10 680 70
Adult male
PRt 59 10 680 70

Adult female
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Fig. 3 Correlation between fluorine content in gastric stage (a), intestinal stage (b) and total

dissolution (c) and coal roasting time and gastrointestinal dissolution (d)
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WE 4 Fros B0 E W BB A 9 T 254
JE49.65% ~65.46% , Xt BE 4] 5 bR 2 2> R A 2
F(P>0.05), HIXFT B BB, M B B b i A 9
A2 P (10.9% ~ 17.32%) F 2 B A% T (37.27 =
6.74)% , X HE 2 5 4L 9% 4l 2 [0 3% A 2% 5% (P>0.05),
1 B9 BEBRAR R A0 AR 0 TT 451 (19.3%) /T B B
B1(53.46%) (P<0.01), Z55L Ui, BT A H B
B nT 45k = TR B B (EL A T SR PR 2 AR
HEHE 2
2.4 AN[RNHEfg R RURS: (3 1E

W28 2 v G AR AT A R AR L UM AR AR XL
B PPARASERY ] AAS 45 A FH ) — B[R] R ARE L
5 ROPRLA B XU B9 1 (e H A D) HEIF o LB <
WAFE L <R PR, WL 3, ST AW A, &
N3 INEE: YN N k2 0z L LR TR R N
Hig A, BREEHLE B 54 AR R HIEA R 2
WERA LR (r=—1,P<0.01), H&h, BRI
JEkE , AR R H A B2 B A E KR (=

-1,P<001), JLEE BUAF 55 PR AR Lo A A i
USRI |, BB FHARIEHLE 30 d UL AN 8 2ot
1645 2784 23.51 g-d™", BXT FEAL /L T 88.34% .,
S5 IRIRW], B WAL I8 I FBRRUR & 3, A
R H B AR/

90 -
B B Bt Gastric stage
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Fig. 4 Bioavailability of fluorine in pepper

at different digestion stages
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Table 2 Fluorine concentration in pepper and actual available fluorine concentration in different baking time

B P S BT A(mg - kg ™)

Fluorine concentration

SRIERERE I 1l /d
Coal-fired baking time/d

in pepper/(mg-kg™')

AT A P IE SR /(mg - kg ™)
Bioavailability corrected fluoride

concentrations/(mg-kg ™)

0 1.79
5 23.69
10 33.07
15 4330
20 51.65
25 70.00
30 9125

137
1634
22.82
29.87
35.64
4830
62.96

®3 SRABERERE SSRHE R X EE
Table 3 Health risk thresholds for fluoro-rich peppers after consuming coal-fired roasting

(g-d™)
FET BB R FET AW T G VR R SR
R 1 A] /d Based on the fluorine concentration in pepper Based on bioavailability corrected fluoride concentrations
Coal-fired baking time/d JL# JAR T AR JL#E AR 55 1 AR 2
Children Adult male Adult female Children Adult male Adult female
0 577.70 977.51 82528 141.14 238.83 201.63
5 43.74 74.01 6248 63.39 10726 90.55
10 3133 5292 4475 4540 76.82 64.86
15 2393 4042 34.18 34.68 58.68 49.54
20 20.06 33.88 28.66 29.07 49.19 4153
25 14.80 25.00 21.14 2145 3629 30.64
30 1135 19.18 1622 1645 2784 2351
3 i (Discussion) B4 A STIRFTIE, S 905 1 BT IR AR
HRIRET st S T [ AT A SRR DR, B AR RO B SRR T 36 1 273.92 mg kg™ AT AR

LIS 11 1 TR 2 T BTN PR R i 5 2
Bz —B BRI R R X R T A
ZETE AR P SR 2R 110 5 ), i B R IR 1
B FH MU LI T 2 Bk 2R IS ) SR, R A
15 B 2> 2 B T 4R K U, A S AT e
RN AR AU 27 AR SR ARE L I SRR Ik 2 Ry
23.69 ~94.7 mg- kg™, XTI T 13 5 ~ 51
£ o XBFTCEEPIEAT 25 e A L B R B IXBRARY
FE, RIS 4 A H BRI FE (179.36 ~226.07
mg-kg )N T 53 15 ~ 66 15, HAMIT 45 B
3, HER A AE IR A SNSRI S rp B E X
NHERRGERAE | & PR HE I8 K 00 B — e
10 A5 DAL s BRAR LG B oK 25 5 e 4, B8 s e s 2
BTN 100 15, BEAR, SR I8 SR R S5 R
FIBEHORA G, XA A 52N 48 a9 BB

Z XA RER S AT AL R W5 A B
KRR R TR R T S S REIIR (66.31% ) iR
TREBIE@A3.76% ), FF IR RMRBE 1 7 v = A2 Y K 2%
A A P it BE AR, DA T 22 1o SRRt 371
IR B P TS Qe i R AR L (BRI I 2
SRR R

BRI B AR R
AL 3 i /N BE B IRATL A AR ER AT X A A4 A
FEFEN  HHUPR HEEA R E S 7B TR
I TR, B A T AN RESE e oE I,
/NE AR R AR R R 70% ~T5% B
AW | 5 A RIS S S B T A (64 % ~
83% )4 —2, T BT OH W& Al
N B R 7 R 0 S A IR, DA 8 A
SN/ BEE pH U Al BE 2 F A6 8 A n] A
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R, N FECE B BE T e 2250
ARWFFELE R PR (E 2), B S50 P mT 250 B B
(193%)E T B B (53.46%), % 5 X & 4 WF 5 i
e A W AT 45 Tk T B B (23.64%) 1R T 18 i B
(44 .08% A RHMFF G . AWFITIE K LB 1) A=)
AT S5 SR AR FE AR G, RIS SRS
LR I A Wy i] 2 PR R P S 4S E h R iS
FREE S804 YT 45 P 52 1E A G, Ud B B 3L RS
P oAl 50, AN, R AE ] 45
PR Z W E TR I B2 W, I K B A 0 8 4
N EYT Ca® SHEAY K AFETAEN, BB A
PR 0 R R BE RS T A=
Yl stk R 2 R Y b T R A Y AT 40
LA o i B RURS DA RS B 3 A e R

A AR AL 5 i R 20 H AR e 2 S,
ELAFF 5 3 BH 35 15 4 T 20 g4 7 o XU DA
HERRTT Al N HE 22 56 500 2, o o A 00 £t R 5
ST RIS ST AR S A T A A S
AT & AN ) e B SR D b ) 48 0 . P
ANHRBS TIPS S ILES)ILE LAF
B AR R B0 5 g M9 g, 2 H [l
VAR RIS SAH S T LB | AR 55 M B BRI ) R
2475 d(273.6 mg-kg ") B RS 7 A AR R AU,
SRR PRI ML % K 24 60 d(203.22 mg-kg' )&
FEA AR, ARk IR R SN 23 A
BRI J B8 X5 R B FHBURCN 20 g, AT
B HABERERE 30 d(91.25 mg-kg™ ) AT BEAEAE
fa R RS o 3 1T DA A R A e S A TR kI 5 AL
TR BTG, 238 0 R IR o R A G B
X BB R E 2, 33508 H 35
RN ERR N IED LR ACEEARAE i —
FERORTE (H H 8 A TG h IR R R IR AR 2 R T
SRS A AN FE & ok s ]
L [EH B N e, R, AT H B &
AP BB B LA SCHRRe K H B AR EAR, AR SC
T 5% 235 SR Al EIE T 36 G IR IO AL 0 2 B 3 R S0 780
R A AZ 0 ) AL, 30 3 A0 ok R AR BT G 2 Ok
SRR , D0 R PR R R R T PR R AL b E
5 JE

25 b BB P SR T 2 N 22 LI R ]S
R B R LI B B i LU & 3 =, B
B B AR st R T 18, T N £ SR DU 380 £ 75 D
INA AN S HE AR RRE XU

BEEEEN ARALA60—), B 4+ Hit, T EMAH
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