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Abstract:

[Background] The pollution of agricultural products and the health risks caused by metals have
become a hot spot of social concern. As China's main economic agricultural products, peppers
are essential for health risk assessment.

[Objective] By exploring the enrichment of common metals in different varieties of peppers in
major growing areas of China, a bioavailability-based approach is used to assess dietary health
risks of common metals in groups with different characteristics.

[Methods] Through random sampling method, dried pepper samples from major pepper
growing areas of China were purchased from the market, and were divided into Hippophae,
Capsicum annuum, Magnoliopsida, Capsicum frutescens var, and Capsicum by morphological
taxonomy, and a total of 667 batches of peppers were collected. Six common metals arsenic
(As), cadmium (Cd), lead (Pb), nickel (Ni), copper (Cu), and zinc (Zn) were evaluated;
physiologically based extraction test was designed to estimate the bioavailability of the metals in
peppers and their associated dietary health risks were assessed.

FEHR
Investigation

DOl 10.13213/j.cnki.jeom.2021.21202

EE£WA

ERBARFEES(31960507) ; T A X
N—RERNER B (BHE M % 2017
[85] 3)

fEBEN
WkAN(1995—) , B, Bit4;
E-mail: 328193200@qq com

BIEEE
SRANAY, E-mail: chenglongtu@163.com

CIEHEH] FFE
Rl THIR
IWFSBEHR 2021-05-10
RAEBAH 2021-10-29

XEHRS 2095-9982(2021)12-1363-07
FEDES R155.3+3
XERTER A

»31A
WA, ERZ, #719, F. BT HINEREIR
TEEMPE RSB TRNERREXK
D). FIES B E S, 2021, 38(12): 1363-
1369.

PRI R

www.jeom.org/article/cn/10.13213/j.cnkijeom.2021.21202

Funding
This study was funded.

Correspondence to
TU Chenglong, E-mail: chenglongtu@163.com

Ethics approval Not required
Competing interests None declared
Received 2021-05-10

Accepted 2021-10-29

» To cite

YAO Jie, WANG Zelan, YANG Ting, et al. Evalu-
ation of dietary health risks of metals in pep-
pers based on physiologically based extrac-
tion test[J]. Journal of Environmental and Oc-

cupational Medicine, 2021, 38(12):1363-
1369.
» Link to this article

www.jeom.org/article/en/10.13213/j.cnkijeom.2021.21202

wWww.jeom.org


https://doi.org/10.13213/j.cnki.jeom.2021.21202
mailto:328193200@qq.com
mailto:chenglongtu@163.com
www.jeom.org/article/cn/10.13213/j.cnki.jeom.2021.21202
mailto:chenglongtu@163.com
www.jeom.org/article/en/10.13213/j.cnki.jeom.2021.21202
www.jeom.org

1364 #4455 J2 &% | Journal of Environmental and Occupational Medicine | 2021, 38(12)

The concentrations of metals Cd and Ni in pepper exceeded the limits of China, and the disqualification rates were 6.1% and
22.7% respectively. The other metals were within the safe range; there were differences in the concentrations of As, Cd, Pb, Cu, and Zn
among different pepper varieties (P<0.05). The order of bioavailability of the six metals in pepper from high to low was As (57.9%) >
Cd (43.07%) >Zn (42.74%) > Pb (38.04%) > Ni (31.97%) > Cu (31.4%). Based on bioavailability, when the metal concentration in pepper
was at the median level, the order of hazard quotient of metals in pepper was Cu >Cd > As > Ni>Zn > Pb, and at the 90th quantile level,
the order was Cd > As > Cu > Ni>Zn > Pb; the hazard quotient of single metal element and the total target hazard quotient of combined
metal elements were both less than 1, and these indicators of adults were higher than those of children.

In the collected pepper samples, the non-carcinogenic health risks of single metal elements and multiple metal elements
are in the safe range. Based on gastrointestinal bioavailability, the dietary health risk of pepper is further reduced.

pepper; hazardous metal; physiologically based extraction test; bioavailability; health risk
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P, HIBNTE5H(Cu) .« F(zn) HIR(N) EHETE
WEINABEERRE",
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®1 BERPELERESHIHER

Table 1 Enrichment characteristics of common metals in pepper

SRBTE PRE(E/(mg-ke™) /5 BiRER BITR/% Xts Py Ps Pao

As 5.0 454 0 0 0.042+0.080 0.002 0.020 0.088
cd 05 664 41 6.1 0.22240.231 0.045 0.131 0.509
Pb 1.0 433 0 0 0.082+0.106 0.020 0.040 0.196
cu 100.0 666 0 0 8.597+2.419 5.786 8.361 11.769
Ni 3.0 349 100 225 1.964+2.046 0.200 1.423 4.707
Zn 500.0 663 0 0 17.66248.465 10.030 16.113 26.920
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SIERTENTEE,

2.2 FEGSMERPEEEENIE

HE 1 750, FRENEMSEMHTENESR
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Figure 1 Enrichment characteristics of metals in different varieties of pepper
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Ni # zn BB ANE 5179 0.81. 4.68. 1.80. 108.16.
43.26. 247.39 pg-d™, JLE 7 0.44, 2.53. 0.98. 58.61.

23.44, 134.06 pg-d™, W3R 2, TEIERUE M R BE X LT
AR, 1E Py, BY, Cu B THQ &2, BLARD) LES579 0.033
0 0.031, E XY TTHQ HY 53 #k 1K 40.7%H] 41.3%; Pb
B9 THQ & ik, E X TTHQ U SRBAZ NI 2.6%; TE Py
BY, cd B9 THQ &=, AR LES 5179 0.084 # 0.078,
HF TTHQ BITTEAERIE 34.8%F 34.7%, TLR 3. MK 4
A&, BEABHBAKRBY 6 MEBTENEBS
XS R 2T 6 MR @M R, 7E Py BT, AT L
BIRAKRMB TTHQ 535179 0.067 F 0.062, 7E Py, BY,
BAFILERAN KRB TTHQ 73 5 /9 0.133 A
0.123; 7E Ps, BY, BT MM ZHI%Z+ 6 MEETT
X AT LER TTHQ ]&, MTE Py BY, BN F58
k(o e MERBITEXNBAFMILEN TTHOER S, 6 7
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Table 2 Daily average intake of six metal elements in exposed populations

Py BY BIRANE/(ngd™) PooBY BIRNE/(ng-d ™)

A As Cd Pb Cu Ni Zn As cd Pb Cu Ni Zn

A 0.15 0.88 0.38 78.48 18.01 149.34 0.81 4.68 1.80 108.16 43.26 247.39

JLE 0.08 0.48 0.20 42.53 9.76 80.93 0.44 2.53 0.98 58.61 23.44 134.06

[Py RNBWAE B TTREENPAEE; P RTNEMPEBTREENE 90 DIE,
K3 REAE 6 HEELRNIFBUEMEBRRAL
Table 3 Non-carcinogenic health risks of six metal elements in exposed populations
A THQ(Pso) TPy THQ(Pgo) TPy
As Cd Pb Cu Ni Zn As cd Pb Cu Ni Zn

BA 0.009 0.020 0.002 0.033 0.012 0.009 0.081 0.048 0.084 0.009 0.046 0.039 0.015 0.241
JLE 0.008 0.020  0.002 0.031 0.011 0.008 0.075 0.045 0.078 0.009 0.043 0.036 0.014 0.225

[ ] P KTABPEBTRESBNPURIE; P RTRBHREETEEENE 90 DUIHKE,

K4 FEBMEMT 6 M E TR S RENX S
Table 4 Combined health risks of six metal elements in different
pepper varieties

TTHQ(RA) TTHQ(J LE)
LRy
PSU PBD PSO PBU
KARHT 0.067 0.133 0.062 0.123
JTHEMT 0.082 0.203 0.076 0.188
THIZ 0.082 0.158 0.076 0.147
NERHT 0.078 0.199 0.072 0.184
Fask 0.076 0.263 0.070 0.244

[ ] P RRBIBPEBTREBNPURIE; P, RTEHBPEETT
REEME 90 NUEE,

0.050

10.096
Py, [Py,
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(E] 2B) B9 TTHQ 3IFEAE 38%, B B EEHIERU=
MHEENXMRILN Cu>Cd>As>Ni>Zn>Pb; RS
ETE Py JKFBY, JLE(E 2A) TR A (B 2B) 89 TTHQ
BIBER 41%, BBIHP B 2B T 2 AEBUR 4 2R X
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BERET)LE, BUELEEEN,

0.050
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& 0.040 10,088 o
] ]
T 0.035 ) 10.080 &
£ 0032 £
4= 0030 f =
o 0.024 &
Z 0.010T I
- 0.016 ©
0.005 0.008
0.000 0.000

As cd Pb Cu Ni zn TTHQ

EETHR

UE] B A FIE B 2510) LERRABRNRRS 6 fEET&R THQ B TTHQ.
2 BTEYRIAMRNERTEREIT RN ERK I

Figure 2 Health risk assessment of metal elements in pepper based on bioavailability
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EBHE(ERLTE2ERIVE BRTISRYIBE) F
MENREE, EREF WERHHEFERERNK
R, B cd 39S E9(0.09440.042) mg-kg ™,
ERi={E/ 0.195 mg-kg™, BIREN 85%, SAHH R IR
Cd BT E(6.1%) ER R K, RE AT ERERHFITHM

WF. BEHE, ZHEEY WHEASXERTESE
ERMRELI, B Cu. Pb H cd FIHEE RN
(0.634%0.216) . (0.232+0.108) . (0.195+0.079) mg-kg™,
ZSEA5E Pb 0 Cd BEFES 5/ 0.040. 0.131 mg-kg™,
BRESEEEMR, M cuNFHYEEERRK;, TEiE
ZENEARRE RFMEM TP cu I FIYEE7H 8.05~
13.75 mg-kg™ Z (8, BEREMMAEEEEER, KH
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REEMEI. FEENSMNEENEELEETE
5, KIRHIRT cd. Pb. Cu Fl zn NEERIK, E&FE
ARSFEHX, MZHZNEBEEREERS, IEE
HFXIg W REBETE T SHMX, FAIEE SR E
mafhER I cd NEB B R R, ERETSHEHEFHFR
B, EZEEHMUGFEEER, ERAREEKIREF
THENBAER; EER” HRERETR, EME
TIE Pb. Cd ISREEFRRBIFIRET, REMFHFERM
Xf Pb. Cd EEBERBAER. SIESIENF M, &
B E X R E @M BRI E K AR —, XAl 8
ErnBENTEEEEREENRERZ—. KR 25,
AKENEEWRA, FERNAEEERRES
EEREPNTIBEEEERBEMAEER, NMEEE
B3 IR EM AR E BT,
BABLEETEEEENUR, BEBMHEN
ANEBHKRS S, HEURNERT, RE—Z20
BUES /N7 BEEIANARER, Z—H o NkEEHE
HEH R Sh, AR EEAIMEIUE L SEL, ERER
eMERBEMAIL YRS RAEI 60%, Cu VXA
31.4%, FTUTEF R R EHFTREX TGN, FFs
SHEETETRNEEY, EHBEY SWASXER
KPEBEYITAMHAR, EREREHMN RS
Cu. Pb Ml Cd UM BT 45 M 53 Bl 79 25%~40%. 70%
# 50%; Zhuang F"° XFHRH cd 1 Pb FIEYI R 44
MFHITHRREZI, 6 Mg+ cd f Pb EYRIA S
£ 20%~46%F0 25%~45%2 B L1, IR BHEME
Wo WEYITITAKP CdEYAAEHAREI, B
ARKP CdEBHMEBEYRIA T 37.14%~
52.93%; Xiong F MR P BEW AL MERTE
I, BRSZAR Cd. Zn. Pb F Cu BYEYIaTLA MR 79%.
76%. 71%F1 60%. TEXHEAIRIE F, & BIEINEY A%
MEERAER, RATRERR M ISEYMEY T
LUERNEFRYNBEmNMEEX, 5BmRES
RBEERAKX R, AARMERE As # cd BRENE
YRI5 1%, B BB N T BRI ER A R BE IR fg 5h, K&
As 1 cd TRETEEWARERRAH, Ak, TEEINEL
iITFER, As F Cd RA S MEYIALR RFRHH K>,
BEITELAN, REERTEEEERSEFU
BOKFHR, e MEBTEMNIEREXKLI Cu>cd>
As>Ni>Zn>Pb, MEB 2T E 90 7 (U LK TS,
EBMRI R EA ¢d>As>Cu>Ni>Zn>Pb, 15 BB ER
WA cd ATRETETEBIERENM, N5 REM. EHS
EUHRG, K MBER D cd B9 THQXT R AR LE

TTHQ TRRAER(73.4%) & s, RAEITEE 1, B AR
BXRATILE, XM RLKUSHEEES, JER
RAEMARXIFE A TR, TEE BN EREY A
MRHERPEERBTENRRXHTREUS, &
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