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ABSTRACT: Objective To investigate the distribution of 26 kinds of metal elements (Pb, Cd, Hg, As, Cr, Al, Mn,
Cu, Ba, V, Se, Sb, Ni, Sn, Li, B, Zn, K, Na, Ca, Mg, Fe, Sr, Mo, Co, Rb) and assess the dietary risk with cereals in
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Handan City. Methods A total of 51 cereal samples (wheat and maize) were analyzed for 26 kinds of metal
elements using inductively coupled plasma mass spectrometry (ICP-MS). Statistical analysis was performed on the
detection results, and nutritional and exposure risk assessments were conducted for macro- and trace elements using
the individual pollution index, target hazard quotient, carcinogenic risk, and estimated daily intake. Results The
method demonstrated good linearity, high accuracy, and sensitivity. Among the 26 kinds of metal elements, 24 kinds
of metal elements were detected in the cereal samples, except for Hg and Li. Principal component analysis and
correlation analysis revealed interspecies differences between wheat and maize, as well as distinct correlations among
different elements. The contamination levels of 5 kinds of heavy metals (Pb, Cd, Hg, As, Cr) were within safe limits.
The target hazard index of 19 kinds of metal elements and the carcinogenic risk index for Pb were significantly below
threshold levels, indicating no health risks, but the carcinogenic risk assessment for As suggested potential health
risks. Nutritional assessment showed that the cereals were rich in K and Mg, but low in Na. However, Cr exposure
reached nearly 300% of the adequate daily intake, indicating a significant health concern. Conclusion The
established method is effective for multi-element analysis in cereals. This research findings provide updated dietary
intake assessment of multi-elements of Handan adult consumers. The dietary assessment indicates that intake of

cereals in Handan City poses no significant health risks, but particular attention should be paid to Cr and As

%16 &

contamination.
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B A H A MR & 4 2 (Food and Agriculture
Organization of the United Nation, FAO)4i 11 @/, FE
R BN E RS P, FOREE KA E NS
PR, R TR R IR SR A, TR SR
60%LA I o Hor FORF/NZE SR AL Ty b IX e R e i fe A F2 %2
SR SR TR N BROKIL S, R SR R
Yk AR PR, (b E R RBEETER 2022) H#I
WAENERBABSKEY 200~300 g, HHEEBYEY
50~150 g. MRIEFENM P T &, TR NEEITER
(>0.01%) FIfs i J0 25 (<0.01%). fHF T A= 2H 21 (World Health
Organization, WHO)K it JCH 43 WL T5 it JC 3 | A REAL
TR TR ST E . 4R WS/T 578.2—2018
EEREEERESHEEAR P 2 5 HRILEK).
WS/T 578.3—2017 { P EBEREGEFRESHERAR H3
Ay PR IC R VI E RS E IR E S AR 2023
Jiz) PlgisE, Ca. Na, K. MgixX 4 FlohH &5 #4480
%, Fe, Zn, Cu, Se. Cr. Co., Mo X 7 Flh b4
JEJLE; B, Mn. Ni, VX 4 Fl AR RELT RSB ILE .
FE GB 2762—2022( B L& EFnE & &P I5 LR
) B T Ay 5 RESEISEY Pb. Cd, Hg. As,
Cr YRR A

As, Pb, Cd. Cr fil Hg X AMBEEEN SR, Wik
BULEEA KR TIRG . BRGS0 O A pom &L,
HREX AP E SRS R i L, A ke
AN E S B AT YR EON R TS e, T

AT T AR X PR 4322 b Ph S R RR A [
B, ZFhE R OR TR A A ZSER AN E hi E EE
YERYL A e e B A AR AL AT, &8
JUE R HE SR A L 2 OO R R ORI
2R TR TR, PR EE R AR A
THEENENL. &ETEME TERE, ART560
AU B E T RIOG TS | OB R IRIOG AN
LR B SF B T R R 9 % 3% 1 (inductively  coupled
plasma/optical emission spectrometry, ICP-OES)[IZJ . HBGRA
B TR BTI%E (inductively coupled plasma mass spectrometry,
ICP-MS)% . Hir 1CP-MS Jr ikl i R s s, Zebar,
AT A— AR 2 Fh 6 )8 SRR n R, AFRRAZ ik
X HIHRHL DX ) FOR S/ NZRE ARG 26 T )@ Zon R T o
Tl EATHREEHLIX S A it P &8 20 R SR 4 R D,
ARG A NS V5 YR BOEM AR 154K (target hazard
quotient, THQ)!" 5 & 464k (hazard index, HI). B XU 5
B (carcinogenic risk, CR)!' | JER ¥ 3% £ & % (dietary
reference intakes, DRIs)!''2: £ Wit54%, X 48 £ 0 £
P R RIS SR A7 PRAR, &5 A ARG E b . R4y
Bro ESERREZMEIT RS MAYE ST &R S
JUE 4377 1 DA AL RRAE, Sk TS S8 s DX £ 42 4 4
HTT i 2 A T A2 S HERL AR A S SRR .

1 MR5ERE

L1 kiR
FEHRHR L R TGR T . /NRGE T . RS RE
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FPREER T HORAR ST Wil b, G5 26 13 EoR IR
25 f/NZERRE G, SRAERE S I S AT SR LK, R
mb ARERAS oy 3=, FEAp a4k 3Tt as At b T
1.2 iR 5

ICP-MS 73 £ ICE (AL, As, B, Ba, Ca, Cd, Co, Cr,
Cu, Fe, K, Li, Mg, Mn, Mo, Na, Ni, Pb, Rb, Sb, Se, Sn, Sr, V,
Zn)bRAEE R L ICP-MS 73 #T N H5R(Bi, Ge, In, Sc, Y)FRiEA K
(M EE 100 pg/mL, FEIZA €4 )8 X B F AR il
Ht); Hg PRl R (FTRHEEE S 1000 pg/mL, HEIH R
SRS BE); TR (R Ak, E 2y E bR A RARD;
WEUKWeghal, iRy HEARGRAF), KoKW
SIHTRIERIIT . RS /N LA A BT AR TE (30 g/, TP E
b T 2 5 b 3K 40y B bt BR A 2 S A ISR T ), AT S5
KB RB Ak
1.3 UE5E%

Nexlon-350 x 15 HH BG4 26 6 1A B A3 (3 [ 4
& IBRIRERATD); Ethos Up flis i ff A3 R R IRk 3738 2
A]); AE-240 J1 3 Z — K- G LR EIFER 2 2 vl o
14 SWTR
1.4.1  #fsh &5 iRk B h)

FREL 0.3 gCREHiE 0.001 @)7e /MR AR A Wl oh T
T T AR, 208 GB 5009.268—2016¢ £ 4 4 FE %
PR £ 2R B E YA — 1k ICP-MS L 3F 171 f#,
FMAiKERE 25 mL, RA&EH, B AR,
TR T B AR P B E IR s AV TRLTE 2 120 °C, TR A]
5 min, fHJR 5 min; M 120 °CF = 160 °C, FHRRFE] 5 min,
fHIE 10 min; M 160 °CFFZ 200 °C, FHEATE] 5 min, fHIE
25 mine FH 1% R R 1 B2 G BEIR A A HE VA VBRI P A
FHR, Heg A 75 W0 F B
1.4.2 ICP-MS _LEhutan|

AR IFHLG L2, o B025 RO 2 45 )5, AT
W, R SEORENT: HHIIE 1600 W; FE TS
WA 19 L/min; SHIIE 1.2 Limin; FLE47&E 1 L/min;
SRAER BRI, EEME 3 K. giEIE ik, R
Pt A5 I 0 2 BV AR BRAR N 09 AR OT 2R, SR shae & S Al
1 #2 (kinetic energy dominated collision mode, KED)7E£k
IMAWR, A5G, 26 Fhé )80 R IR 7 % 5k
fif L (M2 AN AR ICER L3R 1.
143 R4

SR AR PR B WERR HE Y B | 3R A i
FEARZS FURE . I DS A B RS i, CR UE R I B
SO e
L5 PR
1.5.1  FlBiedE

WIETRENEFPREE, TR NEREITE

(>0.01%) FIi i JGEE (<0.01%) . Z% WS/T 578.2—2018 Fl
WS/T 578.3—2017 XA & TR Z AT . 2% GB
2762—2022 Xt 4 i BB 4 SR TS e kAT PR o

Fz1 26 ML EMEMENAIRTE

Table 1 Isotopes and internal standard elements of
26 kinds of elements

— Jriviil=d _ — Jo fr L .
JLE MR JLE 7R
(m/2) i (m/2) "

B 11 3¢ Na 23 +Sc
Mg 24 3¢ Al 27 *Sc
K 39 S Ca 43 *Sc
Li 7 +Sc \Y 51 *Sc
Cr 53 5S¢ Mn 55 *Sc
Fe 56 5S¢ Co 59 *Sc
Ni 60 Ge Cu 63 Ge
Zn 66 Ge As 75 Ge
Se 78 Ge Rb 85 Ge
Sr 88 Ge Mo 95 51
cd 111 5 Sn 118 51
Sb 121 5T Ba 137 "51n
Hg 202 I Pb 208 In

1.52 A#EFEEck

R FH B A 75 4438 80 (individual pollution index, P))
LEA 15 Y38 %0 (combined pollution index, P »)%f 4 J& 15
PARE T I, HHE AKX (D~Q2).

Prg (1)
2 2
P = P max ; P ave (2)

S PORER TN ICR TG AR5, X A G R AT
FEFEVEATHIA, C Fnktin i e Jm r S (e, mg/kg; §
NZAE R IR, me/ke; P« N ITA SR MER G 15 YR 5L
Prnax 925 B 15 QA8 ROH AU IR ORE Py 45 HL 195
PEARE - I(E . 856G 253K, P A P 3T 7 S b i
W% 2.

*2 ERBSRERSRINE

Table 2 Grading standards for metal pollution index

25 P, S Py 373
1 P.<0.7 Yh P.<0.7 LA
2 0.7<P,<1 A, 0.7<P ;<1 B
3 1<P;<2 Bio g 1<P <2 Ri5 Y
4 2<Pi<3 FREETGYE | 2<P 4 <3 RS
5 Pi=3 HTT5 Y P.=3 WG
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1.5.3 4R34

(DA EAR

Xif 45 J& A0 BF H % A it (estimated daily intake, EDI)JEAT
AL, THREAXIAEG).

EDI=CXIRDXEFXEDXI0’3 3)
BWXxAT

s\ Hh: EDI M4 HAEA, mg/(kg * d); CRhHFh 4R
V-3 B, mg/kg; IRD %S 14 H B B (daily
intake rates), g/d, A4k HH B TS 45 ] HPUO B IR S R
FRERAE S, REEREAR TR AEN 305.8 g, 1EN
SR B AR IEIT IR EF b B #8 41 2 (exposure
frequency), 365 d/year; ED b % &[] (exposure duration),
K3 75 i 70 4R TR BW S ARE-F- 2414 (body
weight), 64.3 kg''Y; AT PB4/l Bu@ Pt 18] (average
exposure time), & NFIIFHr 70x365 d.

(2) THQ 5 HI i

il THQ SEIFAL BN ITE 15 R IR S AR X
W, HI R1EAL 468 2o RILRIVE 5 R r B XU, 1143
BLAK(4)~(5)-

_EDI
THQ= RD (C))
HI=Y, THQ e

A RID HZA A S i1 (oral reference dose),
FE B S FAGTRIT I 3, 2 THQ M HI fi<1
A, B AT R A R XUR; 24 THQ A1 HI A >1 i,
VLA 3 R 3R 2 88 X AN FE A ™ e XU, LMK,
TR XU 8 17

(3)BuE R P4k

Wil CR RPPAS B0 B F 0 80m AU, 115 A=K
(6)-

CR=EDI x CSF, (6)

A H: CSF, NEUERIRH F(oral carcinogenic slope
factor)!'¥, H 2% & 3£ {4 J5 (U.S. Environmental Protection
Agency, USEPA)IE, [mg/(kg » I, HILER BRI E
H U851 As 1.5(JCHLE); Pb 0.0085. CR {HIHIE
PRUELITT . CR>1x107* i, BRUKE; 1310 °<CR <1x10°*, ¥
FERE; CR<1x107°, AU AR i JE KUK,

@DEFRBEEBAY

%% GB 28050—2025 brifE, XAYH ARLTICHE
FHCR A 100 g £ A AT R A 1 BARBUE S T hR R .
PL WS/T 578.2—2018 . WS/T 578.3—2018 #ll { H[= i [
BEFRESHRAR 2023V HEHENEEERESHEBAR
(dietary reference intakes, DRIs)?O%}4F H B35 £ A ik
TTREERAEITE . HHEAXILK (7).

CxIRD

DRIs/%= 5 x1073x100% )

Rls

X r: DRIs fEE4E: FIYTHE E (estimated average
requirement, EAR) . #fE % #& A & (recommended nutrient
intake, RNI), i B A it (adequate intake, Al), AJ i 32
$% A i (tolerable upper intake level, UL); C WillE A% E F
T, mg/kg; IRD AP A 94 HBEAR, 305.8 g/d.
FL{K42 DRIs {H L3 4.

#4 BEFEN DR IEH(mg/d)
Table 4 DRI index of each nutrient (mg/d)

_ JLHR EAR RNI UL Al
#*3 £BZTEMRD
Table 3 RfD of metal multi-elements Ca 650 800 2000 -
S B K - - - 2000
. SH Tt e SHE 1t
RfD/[mg/(kg * d)] RfD/[mg/(kg * d)] Na - - - 1500
As 0.0003 Hg 0.0003 Mg 280 330 - -
Al 1.0000 Mn 0.1400 Fe B9 15 B12/4: 20 42 -
B’ 9.6000 Mo 0.0050 Zn  B:104/%&:61 B:125/4:75 40 -
Ba 0.2000 Ni 0.0054 Se 0.05 0.06 0.4 -
cd 0.0005 Pb 0.0014 Cu 0.60 0.8 8.0 -
Co 0.0300 Sb 0.0004 Mn - . 1 7450440
Mo 0.085 0.1 0.9 -
Cr 0.0030 Se 0.0050
- Cr - - - 0.03
Cu 0.0050 v 7.7000 — —
e N HETTGAHSCARME . DRIs MHCEUELL 18 B2 AR hE% .
Fe 0.3000 Zn 0.3000
Li 0.0020

e * o8 BRI JC RID 1, DA/ NI A 75575 & (lowest observed
adverse effect level, LOAEL) = & W £ &) A F 1E H % & (no
observed adverse effect level, NOAEL){E/U# . & As [ RfD €%
ZTAL

1.6 HIEAIE

1 Excel 2021 B4 F0 SPSS 22.0 A TR S 1
55434, Prism 10 I Origin 2024 3428 o AR T46 H BRAY
Bds, e HERE 172 TS .
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2.1 FHEFFN

26 Figx J8 Z T R ARME AR SE R B r £ 0.9991~1.0000
A, RS GB 5009.268—2016 45 —:—3, MG
FEI7E 88.8%~103.5%, A5 FAR 4 5T i S B 77 A X (8], 13
RS2 00 vk MR R4
22 AYFETRHBEEHER

51 skt s 3 24 Fh 4@ oc £/, Heg Fl
Li uEY KRG H ., HrAp: Ba, Ca, K, Al, Mg, Mn,
Mo, Ni. Sr. Fe. Cu. Cr X 12 Ft Z i %K 100%,
V. Cd. Co. Na, Pb, Se. Zn. As. RbiX 9 FiILEH
K K TF 50%, Sb. Sn Al B 3% 3 FoC R Ak H /N
F 50%. AR CR P EESERERICEN K
(1764 mg/kg), FRMBALITE N V (0.0052 mg/kg). HIk
T H A5 0 L3 5

23 AP EREIARAENGIUTESN

LUK OB Hg 1 Li S 24 Bl 48 o0 265 B 6 4r,
{8 F Origin 2024 JRAXF 51 B34 P0FE S EA T T A 24T,
M 4 I8 A B AR AR, Zr M ikl % Spearman, 45
/R Na, Al, Ca, V, Cr, Mn, B, Ni, Cu, Zn, As,
Se. Sr. Cd. Ba, Rb H 4 /R EHE, PrEEE; Mg
Fl Al, Ca, V., Mn, Fe, Co, B, Cu, Zn. Se. Mo. Sn,
Sb.Rb. Pb A W EHK; Al. K. Co. Mn H R EEHK; Ca.
Cr, Fe, Mo H Ny BEHE V5 Co BEMK; ; Fe 55 Co,
Ni, Cu, As. Sr. Ba, Mo H N WEHME, HAwEmAH
KRBT, AR R LA 1,

SKH SPSS 22.0 XA B YIRE SL AT TS o BT
(principal component analysis, PCA), il PCA #9154 K]
F /NS FORA FVBIRAEAE W22 57, Bufr B &
BTGRP, PIATTRIGPRIN S MR, FHICHERAL,
JESBR/N, Je ML 0 B, AHOCHBRR, i EIZE R 5K 1
H Spearman TS REEA 30, HARGSRILE 2.

x5 AYPERLERBBERO=51)

Table 5 Detection status of various elements in cereals (n=51)

- N, i /(mg/kg)
Py Pso Pss Pos H/ME RME A
Ba 100 0.0730 0.3430 0.7900 1.0300 0.0300 1.1100 0.4550
\% 55 0.0020 0.0045 0.0068 0.0138 0.0440 0.0145 0.0052
Ca 100 12.9000 70.9000 94.2000 137.2000 5.4100 191.0000 59.8000
cd 57 0.0015 0.0095 0.0139 0.0163 0.0030 0.0168 0.0085
Co 94 0.0030 0.0043 0.0066 0.0082 0.0020 0.0089 0.0047
K 100 1344.0000 1547.0000 1985.0000 2972.0000 982.0000 4436.0000 1764.0000
Al 100 1.0000 2.1300 3.2700 7.2400 0.0820 9.1500 2.6300
Mg 100 144.0000 201.0000 318.0000 578.0000 40.7000 379.0000 240.0000
Mn 100 0.9690 3.8800 5.4200 9.9000 0.4160 12.8000 3.7200
Mo 100 0.2000 0.2270 0.2720 0.4700 0.1400 0.5450 0.2460
Na 67 0.2500 5.2300 6.7900 9.1100 0.5100 15.0000 4.0200
Ni 100 0.0593 0.2000 0.2380 0.2810 0.0108 0.2350 0.1610
Pb 61 0.0020 0.0104 0.0416 0.0956 0.0050 0.1520 0.0239
Sr 100 0.0677 0.2690 0.9900 1.2600 0.0381 0.5900 0.5250
Sb 33 0.0025 0.0025 0.0066 0.0270 0.0071 0.0820 0.0070
Fe 100 5.2200 10.3000 13.5000 22.5000 2.1100 24.8000 10.4000
Cu 100 0.4520 1.2300 1.3900 2.0300 0.2580 2.7200 1.0400
Se 67 0.0025 0.0161 0.0275 0.1120 0.0050 0.7690 0.0342
Sn 14 0.0025 0.0025 0.0025 0.5800 0.0081 0.9820 0.0466
Zn 75 0.1000 2.6600 5.1000 16.1000 13100 21.0000 4.0100
Cr 100 0.1640 0.3550 0.4230 0.4920 0.0820 0.5330 0.2990
As 59 0.0020 0.0072 0.0120 0.0260 0.0046 0.0296 0.0083
B 49 0.0250 0.0250 0.4270 1.6400 0.0550 2.1200 0.3130
Rb 51 0.0050 0.4010 1.0500 2.7600 0.4450 4.4300 0.6790

TE: d/ME LS T PR MES 558t
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Na [y, -0.040 0404 0263 0.766 05330495 0.694 0.151-0.009-0.836 0.507 0485 (0.492 [0.515 0.784 0.635 0.199 0.845 0.061 0.297 0.671 -0.790-0.046 1.0
Mg | . Mg (0672 0.189 039010360 0.115 0487 0582 0866 0.381 0274 0.399-0375 0.152 -0.293 0207 0.786-0.071 -0.295 -0346 0.181 | 0.385 0.288
Al | @ ’ Al 0476 0793 10.033 0.508 0.841 0.627 0.759-0.171 0.537 0.638-0.061 0498 0.053 0.576 0.774 0.448 ~0.201 0.103 0.556 -0.193 0.139 0.8
Kl® o @ K 0332]0011 0266 0442 0.036 0371-0.191 0.089 0.149 0.267 0.005 -0.012 0.163 0.272 0361 ~0.046 -0.046 0.170 -0.239 0475
Ca . ) ‘ @ (Ca 0261 0703 0.971 0581 0.492-0.630 0.794 0.796 0.184 0.734 0427 0.863 0.644 0.765 ~0.120 0.107 0.845 -0.654-0.078
; ‘ ‘ 0.6
Vie @ - @ | V0253087 0.118-0327-0.575 0209 0.247 0410 0371 0.612 0.295-0.120 0.491 0.074 0210 0.330 -0.525-0.163
Cl® o« & o . ® Cr 0692 0566 0.257-0.540 0.698 0.634 0.239 0.665 0312 0.774 0.389 0.543 -0.055 0.198 0.801 -0.602-0.223
Mn ' - . o+ . ® . Mn 0.633 0.578-0.543 0.762 0.825 0.131 0.693 0337 0.830 0.731 0.720 —0.121 0.074 0.814 -0.573-0.045 0.4
Fe | o . . . ’ ° . . Fe 0.640-0.030 0.594 0.700-0.220 0.646 0.016 0.606 0.743 0.199 ~0.266 —0.198 0.548 -0.103-0.247
Co . . ® & \ * e ® @ co 034040 04460330 0341 10:322(0321 |0.876 0067 0325 10330 0276 | 0.196| 0215 0.2
B . ® o o . | . ® ® - ® p 0481-0429-0490-0485 07020642 0.064-0.838 -0.239 -0.464-0.671 | 0.943 0210
Ni|l® ©o & - .‘ ® . . . ® & Ni 0809 0.188 0.800 0224 0.822 0.545 0.551-0.039 0.126 0.795 -0.579-0.250 0
C|® @ @ o .‘ e OO O® ©® ® @ cu o079 01970817 0660 05120006 0093 0792 0.462-0.189
Zn |® & - © o ® O o 0 ® & o o Zn 0185 04390218-0327 0311 0073 0088 0.346 -0.483 0.101
As |@ o @& .‘ [ . . ® o O . . ® As 03540816 0478 0.558 0.015 0213 0.801 -0.582-0.460 -0.2
Se . ® o 4 . ® & - o . ® © ® @ Se 0381-0102 0560 -0.038 0.279 0431 |-0.633-0.233
Sr . o . @ . * .. . * . .. ® . @ Sr 049 06500019 0.178 0.925 -0.699-0271 04
Mo | @ . . e @ - 0 . . ‘ e ® ® ® ® o @ Mo 0257025015 0427 00090011
cd . e ® © . ® O . ® o . ® ® o ® ® @ ® Cd 0127 04650667 08270075
‘ ‘ —0.6
Snle @ ® ¢« o | o o © © O - . ° | - . @ ©® Sp 06150060 -0.148-0.020
| ‘ ‘ ‘ ‘ ‘ ‘
Sh|® ® ¢ « o @ @ o © ® @ © o o © ® o o @ @ sb 051 0601
H(@ 0 - @000 000 @@ ® - o ononf o
@O e o000 0 - cPO0e00O0® O @@ o
Pb|s @ o @ ¢ | © - © © © ® 0 o @ o © ° e @ @ P 10
FTPPEET LD WS PSR PO
T *P<0.05; **P<0.01, &l 3 [,
K1 A4 @ oT RAR RSB
Fig.1 Correlation analysis of metal elements in cereals
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oiﬁk
° 051
[ ]
&° ° L0
‘. .... L4 : oSn
°,® o °
° o0 [ o
% 0 ) xR
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Ld 1 1 1
-5 5 -1.0 0.5 0 0.5
F 1 i

24 EXRESMEMPETLREBEESHITSH
b Hg Fl Li TEEPIZSAYIRER R AR RSN, Hofth 24 Fh

SR SPSS 22.0 FAFEAT E KM 5/ N R ]

Mann-Whittney U ES50GH . &5 5K, Na, Ca, Fe. Zn,

EAEESE

WA Bl PCA i34 B B. A4l & PCA s Brak &
& 2

Fig.2 PCA of metal elements in cereals

Ayl b & T8 ST ER 1 PCA

Cu., Se. Cr, Al, Mn, Sr, Ba, Rb, B, V. Cd. AsFlINiiX
17 FTCRAEF RGN B A 25 5(P<0.05), Mg,
K. Co. Mo. Sb, Sn I PbiX 7 FtES R LEELR., X
/& iR SR R, BURILE 3,
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Fig.3 Comparative analysis of metal elements content in maize and wheat
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*=7 BRHIEEZTHR EDIKF[mg/(kg d)]
Table 7 EDI levels of metal multi-elements of residents [mg/(kg d)]

BT GB 2762—2022 H{{% Hg. Pb, Cd. Cr, As Si% EDI (x107) e EDI (x107)
X5 FOCRIEAT T RREME, HARJTRICREEOR, FIL K 8389 B 1.49
FHEX 5 A E S B IABFRE . X 51 FAPrlshH, He. Pb., Mg 1141 Cr 1.42
Cd. Cr. As TR RBIRHER, G183 100%. Eird& Ca 284 Mo 1.17
JUEFREARE: Pb 0.2 mg/kg, Cd 0.1 mg/kg, Hg 0.02 mg/kg . Fe 495 Ni 0.766
As 0.5 mg/kg. Cr 1.0 mg/kg. W% REFRIELE ] NI HE 5L Na 19.1 Sn 0.222
T S EHATIHE P Peo THAZE R R A 03X AR Zn 19.1 Se 0.163
TR PP IS UAERCRAL T2 4K F, HORAVNE T = = = -~

AT e YL ek B e DR = (=) HAA T . - .
¥R Cr PGS B i, As YIS e Bk, BRI 6 o 195 As 0.0394
F6 B/ SHMESBHTRIER Rb 3.23 Sb 0.0333
Table 6 Pollution index of 5 kinds of heavy metals in cereals St 2.50 N 0.0249
P, T T Ba 2.16 Co 0.0224
GiES . P. . .* "
Pb Cd Cr As Hg HF TR Li 0.0476 Hg 0.00710
K 0088 0.037 0189 0008 0.075 %& 0.149 K4 VE: LiF Hg Rt 12 2 5715 EDLLIRF 3 B 00T
/NFZ0.187 0.135 0.414 0.025 0.075 &4 0316 %4
A1 0120 0.085 0.299 0.017 0.075 %4 0228 &4

2.6 BAETH

RSP e A JT R R v 3 E, A
#EM EDI K, S HicE S K LEM EDI i, A
8.389 mg/(kg * d), Co i) EDI %At/ 0.0224 pg/(kg * d).
AR 7,

2.7 BRERMEEITEM

M4 THQ F1 HI AU 4 R i & AR, Ho
Cu M THQ H &} 0.9892x10°, H ¥k & Cr, THQ
0.4740x107, V 1) THQ A%, 24 HI (A 2.675x107,
A RECZ/NT 1, VLA A AT (R U 4k T
W% 4K BRI 8.
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Table 8 Health risk assessment of 19 kinds of metal
elements in cereals

&R THQ (x107%) &R THQ (x107)

As 0.1313 Hg 0.0237
Al 0.0125 Mn 0.1264
B 0.0002 Mo 0.2340
Ba 0.0108 Ni 0.1418
cd 0.0808 Pb 0.0812
Co 0.0007 Sb 0.0833
Cr 0.4740 Se 0.0325
Cu 0.9892 \% 0.0000
Fe 0.1649 Zn 0.0636
Li 0.0238

2.8 BN TR

WA (6)HE CR H, 2514 As 5.91x107; Pb
9.69x10°7, JKUSHE K EI/IMEI R : As>Pb, ALY E0E
KBS T2 As TRk, As B CR HEWAASWIKEHA RS
D3 TR BEA XS, Pb 1 CR AL T2 47K -
29 BEREFRIBANTME

RIEAX )R A H BB YIEANEEERER
Y & DRIs B9 EL ], MAEE 100 g B IRl LIE H, Ca K.
Na. Mg iX 4 Fl @i #IOCE f, A9 K. Mg &,
5 HEEATTHR K 27.0%F1 26.2%; Ca il Na [1945% A TTHAR
B, ANREAE R IX RN E IR R E R UG, T E A S
IR, DT T AMGRICE B, Cr 8 HER AR =, N
WEEHEA RN 35, RFEEFHIME; Mo Ml Cu 1
T T ERE BAR P ITHRE N 88.5%M1 53.0%, AL T
—2RPL FEFREK,; Fe, Se. Mn, Zn U I £ oTmk R AL,
WA A R E SRR, HAREE % 9.

9 AVFTEFRERBAETE

Table 9 Assessment of dietary intake of nutrients

in cereals
— -
s 5 100 g H 9%
EEN /g EAR/%  RNI/%  UL/% Al/%
%y
Ca 5.98 mg 2.81 2.29 0.91 *
K 176 mg * * * 27.0
Na 0.402 mg * * * 0.08
Mg 24 mg 26.2 22.2 * *
. - H:353/ $:26.5/ 759 .
e .04 mg .
212 159
118/ H:9.81/
Zn 0.401 mg ;;_201 th oy 307
Se 3.42 g 26.2 16.7 2.61 *
Cu 0.104 mg 53.0 39.8 3.98 *
M 0.372 * * 10.3 253/
t wreme 4310
Mo 24.6 ug 88.5 75.2 8.36 *
Cr 29.9 ng * * * 305

T T TOAR AR HE

3 wiesgie

AHFFEILT GB 5009.268—2016 55— ICP-MS 2,
B TP R 2GR, 26 Fi e E 20 E s
HEMZR A SC 5L 1 7E 0.9991~1.0000 2 Ji), 4 B 5 E A% —
e, AR RN ZTE FE 7 88.8%~103.5%, A EFR Y B
HAEA SR, kel Rir, MR S5EmRE, viE
HATFRNAY P Z0E . KN RER, 599 26 F 48
ZIUE KR Hg M1 Li ok b, Hifth 24 FocRIERKH, 12
fotZEBa, Ca, K, Al, Mg, Mn, Mo. Ni, Sr. Fe, Cu.
CoRIK 2, o 100%; 9 FitZ (V. Cd. Co. Na.
Pb. Se. Zn. As. Rb)WK R E, KT 50%, 3 Foc#
(Sb. Sn Fll B)HIK H BRI T 50%. HHEIGEMN TR
RIBF R K>Mg>Ca>Na, ZZ5 05 CHk[21-22]h &9+
HRILEBIKOERA 8, HHITEP Ca WTEHEE
4 59.8 mg/kg, 5 CHK[23] Ca -2 75 (54.7~62.7 mg/kg)
TR L A ER RIS R, KR Mg E SR
RTTHRER TN 27.0%F1 26.2%, BLAS YA A w5 A% AN
1hh, EA TR AN RISk, HAY)H Ca
BRETTHCRBANQ.81%), T AN TR, 5 Fh
B bR E A WA R A 09 B 48 3 R H B R A A v R
H, B3 100%, & HZRERIUT A Cr>Pb>As>Cd>Hg,
ZAE 5 Je i PRI AR A P W ) A O R A
KOP—3, X 5 P48 0B 15 Y AR JUMZR & 15 Yeds
B R 2R, 15 YR ER K- Cr>Pb>Cd>Hg>As,
TR S5 I A I B T POV Wy T Y RO A R
AR —F. Uk B R Hb DA Wil s G ok R R Cr
JUE, Hg Fl As TGRS PP R AL (EAEEWR, 728
FEREEEN R, P& o MAZBEE TEEEA
o, BWIREN 3 A, BRI T, AR THQ
PG 19 MAELOBATIERNIGER, SRERFTEITEN
THQ H¥AL T& 4K, GFEGHERE HI Adm/NT 1
(2.675x107), ULHAZSHHEA T A BEBEAT (e FE XU o 1 S50
JGE As Hl Pb ) CR {HITAL4E I, Pb () CR E/N T 1x10°°,
IbTF 4K, As B9 CRAER 5.91x107°, UL E
BECRY As X ARES A BAEB0E KUK, R IR RAHF
FEIME R As, TIEHL As 2T BOURAE A9 XU Y 32 2 A
K, B E R RE SRS . i F A543 Hr Al Spearman
MMM, ERE/NESR SR EMANZESR, &5
AP A P i PR e b o b SR — S

FH SRl DX 0 2 A it 14 £ o £ IXURS: TPl 38 44 b+
B U AR, AT M T Cr JGE M As TTEAEA
FOKRE NN IR X T FE A R B, A5
FEH LA 4B TS Y R SRR B, EE TR R A
HAZ TR BAMTEAGEE R, ST R KA 0 e X
Wz TP RV A T T O T B T SR . RS
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2 TER A2 PR AR, 5 IR AEAFAE O R PR
FREITE DL, X 8] fE L2 (A 5 PR A IR T PG (H
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