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Abstract: A total of 537 rice grain samples commercially available in the market of Beijing were collected to monitor the content of heavy

metals such as Cd, Cr, Cu, Fe, Mn, Ni, Pb, Sr and Zn, providing data support and reference for food safety and health risk assessment in Beijing.
<,

The heavy metal pollution evaluation and health risk assess e:conducted using Nemerow comprehensive pollution index and health risk

assessment model, respectively. The results were as follo erage content of Cd, Cr, Cu, Fe, Mn, Ni, Pb, Sr and Zn were 0.02, 0.03,
2.27,2.63,9.10,0.15, 0.07, 0.17 and 14:27 mg/kg, respective

Ni > Cu > Cd > Cr and the risk grades were‘as follows: Cu > Zn > Cd > Pb > Cr > Ni. The results showed that the Nemerow pollution index of

y. The"pollution grades of heavy metal pollution in rice were as follows: Pb > Zn >

heavy metals in the rice was low, which indicated that the overall health status of rice in Beijing was at a safe level. The contribution of rice

heavy metals to children's T was higher than that of adults. Therefore, we suggest that the relevant department should improve the

supervision on harmful heavy nd offer better dietary guidance.
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Table 1 Heavy metal content of rice

2018, Vo134, No.6
[FIROKAE A ENY Cdy Cr A1 Pb & BN BIHL

_ ¥{h SLE 95% EAZ X 19] .
vy TR 2% RATEY
mg/kg
cr 0.02 0~0.15 0.02~0.03 97.2 0
o’ 227 1.07~3.96 2.17~2.35 12.8 0
Fe° 2.63 0.05~97.1 2.43~2.98 51.7 y
Mn* 9.10 4.82~16.59 8.70~9.57 27.5
Ni® 0.15 0.01~0.42 0.13~0.16 59.8
Sr 0.17 0.09~0.37 0.16~0.17 26.5
Zn' 14.27 9.00~20.49 13.92~14.57 134
Cde 0.02 0~0.13 0.02~0.03 7
Pb" 0.07 0.02~0.32 0.06~0.08 Ty

E: R R AF a: GB 5009.123-2014; b: GB 5009.13-2017; ¢: GB/T 5009.90:2003; d: GB 5009:242:2017; e: GB 5009.138-2017;
f: 5009.14-2003; g: GB 5009.15-2014; h: GB 5009.12-2017. & GF-AAS M Cd<¢ Crs“Cu. Ni #= Pb #§4-2; XA ICP-OES M|

#Z Fe. Mn. Sr#=Zn #94%.

2.1.1 RRELELSZARMSH PRI E T2 EAH . XA RE S T &R Z (Al A
X2 NIRKH 9 FHE LR S =AM, H B ER S, FIansZIeER] Cd 1 Cu, Cd 1 Zn

Cd 1 Cu. Mn. Zn, Cu fINi. Zn, Fe #1Pb, Mn Al
Zn, Ni fil Pb. Zn Z [AF/ERRATIEMR; Cr Ml
Mn 2[R NAFAERR kAR . St 15 Fe f77E 0.05

AE BfAESR, HpnsmSab 2 4N R LJL“EI’J TG
52 Kk
Table 2 Correlation coeffici

Z A BAHWER, N Cd 5 Cd/Cu PLK Cd 5 Cd/Zn
(R4 T AH 62 (R A1 Pearson #H ¢ 2 %4y % A
0.9303,-0.9630 A10.316. 0.397, H Cd 5 Cu LA} Cd
5 Zn Z [ABIAFELE 0.01 /K7 LR EMRK.

5 BB RIME R R EUER

ong heavy metal element content in rice

TE cd Cr Cu> Mn Ni Pb Sr Zn
Cd 1.000
Cr -0.169 1.000
Cu 0.31 - 0.195% 1.000
0.21 0.236* -0.011
0.450* 320%* 0.089 1.000
0.277* -0.010 0.278** 0.208* 1.000
0.314* 0.055 -0.004 0.471** 0.207* 0.524** 1.000
0.017 0.004 -0.045 0.309** 0.084 -0.100 0.004 1.000
0.397** 0.158 0.385%* 0.338**  0.426%*  0.381** -0.156  1.000

7E: **p<001; *p<0.05,
212 RRZEEBLZRTHAN

BRI~ 73 Hr R0 22 /AR S T o B AR B R R 4 23
BT TR BT A R T7 ZE IR 59.6%~90.0%,
FFE BB TR TR LR i SR NHMEN 0.5
RIS, W 3 AR NG R N 3 AN F K

SR BT, 51 RIS 2 F A R AT
MR RN 57.61%, FE# i uHRA Cd (0.767)s Cu
(0.835). Ni (0.550)« Zn(0.631). Cr(0.832). Fe(0.801)
1 Pb(0.727). 5 3 ERMITTHRFN 12.99%, FHA
BATE I TCE N Mn (0.634)F1 Sr (0.854).

269



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.6

* 3 ARFERTRRASENGE M

Table 3 The maximum variance rotation composition matrix of metal elements in rice

AE AN F T ERIE% ERER %2 £y # 3 ERS
Cd 79.6 0.767 0.144 0.011
Cr 78.8 -0.293 0.832 -0.089
Cu 71.1 0.835 -0.049 0.068
Fe 73.9 0.296 0.801 0.084
Mn 69.0 0.463 -0.200 0.634
Ni 65.3 0.550 0.354 204510
Pb 69.4 0.173 0.727 -0.265
Sr 73.4 -0.063 0.010 0.854
Zn 70.0 0.631 0.548 034
PRIy £ TTRE/% 34.73
RI Ty £ RARTTARE/% 34.73
22 KB AR L RIICKEEE L, \ [ ) 4
f = JﬂJxﬁjlﬁ?ﬁi@c Cd, Cr. Cu. Fe. Mn.
AWFFRH K Cd. Cra Cu. Fe. Mn. Ni. Pb. Sr - Pb. St AZn IS 20 021, 045, 6.40.
A Zn 55 9 FTE, HTEFARET AR E XK Fe. 100.10. 2626+ 1.02.:,0.22. 1.10 A1 19.05 mg/kg B A

Mn F1 Sr %R &, ABFFAKS Cdv Cre Cu. Nis

Pb 1 Zn %5 6 FhEEJEIHATIS YN .

2762-2017 1 FAO/WHO £ /i B2 Sl prfi?Y,
E7J<Tr
Jetadl

L (FQR)NITESH, oKkt 6 MEL RS
WF: Pb>Zn>Ni>Cu>Cd>Cr, HZETT

031, ZEANT 0.7, i%fﬁﬁﬁﬁﬁ?‘ijdi%tﬁi&_‘ﬂ:
KFo

23 ARELEBRANGITA

Jb T R RRCK H i Ll 73.8 @/d 27, i@
T RKIgFEEN Cdy Pb. Cr. Cus. Fe. Mns Ni. Sr.
Zn S5 05 0.0015.0.0019.0.1674.0:1944.0.6717 .

FAE Ao VR A S, N A O s H e T 75
AR FRIAE I R (9 4 TR A A s 8 e T 3,
AHAhh, A CdA Pb i THQ TikF (UK T Cu
A Zn, FHAEAERHICKATRER KT Cd F1 Pb fa s
TAR% 850
W52 25 5 SbRER T 5, Aok Cdu Cr
Cu. Pb il Zn Y9k HEHR, (EES AL MR RAA

K BB SUSCE IR Z R A VP . B H RV E
(allowable daily intake, ADI)&fg, & HIEALZEYIR
St e RETCAEAT LRI RN (7. Haies 25 a5,

KAKREETRAE HREEDEDR 6.83%, %ﬂﬂjmfﬁ)@
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Table 4 THQ and contribution rate of heavy metals in
rice grains

7T THQ 1& THQ T #k %

® OORA OREFH RFLE LE TRkE

Cd  0.0263 0.0234 0.0273 0.0447 12.78

Cr 0.0110 0.0098 0.0115 0.0187 5.36

Cu 0.0747 0.0664 0.0775 0.1268 36.28

Ni  0.0097 0.0086 0.0101 0.0165 4.71

Pb  0.0215 0.0191 0.0223 0.0365 10.4

Zn  0.0627 0.0557 0.0650 0.1064 30.43

7E: THQ #= TTHQ 43| d1(4)A=(5) Xt F4F 4.

SHRKIENIREM Cd. Cr. Cu. Fe. Mn. Ni.
Pb. Sr Al Zn ) H A E & @R N AR 0 8 4
J&1] ADIE, ] #3 HAb 5 fE s ORISR E
& B ADI [HTTHARGEE 5), 9 FiESJEIAY ADI
TETTHRRAK A Mn>Zn>Cu>Cd..

KT Cu fl Zn RS A, TAHIFIEZK
LS HE RSO T 2011 FERMAAY, REKIE

(bR IR B PAARE) (GB 13106-91)F1 (&

HAPR & DAFRAE) (GB 15199-94)% 3 10 [ bR,
G T RGN, RONESR Cu fl Zn & AR TR
TCE, (IR A ) Cu M Zn [FIRES a3 A\ Al
DRI, 4 XU R 0 H MY B A S E e,

MNALE MR FEEITREE A Cr. Cu. Fesw Mn. Ni.
Sr Fl Zn), HIFAA L Bt &) 2 5om AR {e 5.
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F5 KKPELER ADI ETEE

Table 5 ADI value contribution rate of heavy metals in rice

TE ADI /mg/(/- ) ADIATT #k /%
SCHK[30] A4 . °
cd 0.06%% 5.83°
Pb 021428 5.75°
0.0275° 2
cr . 0.2-0.5%% 2.25-0.9
0.0310
. 0.6
Cu . 28 20.07°
0.8
15
Fe' X 158 3.11°
13.8
M 3.5 46,034
n -
45° 35.8%
Ni 1.2 2.17°
Sr ) 1.952 1.56°
. 8.7 29.03%
Sg
1235 7.7(%)" 20.53%  32.80™

Z: a RFILE, b RERFA; o KA d k¥ 694
P A B AR EE B ADIMET#KE, ad F= bd KA RNI(H#
FEANE)R AIGETENZ) T FAF 69 ADI Wak1E; e KK
AL f X% RNI; g 46458 & FAO/WHO & &3k 1 R 2472,

TeiR A g R 5 E FKARER L, IR T R
TR o5 EE R ROK E 4 XU DA, AT B Akt
ERKE SR MAE 24, X 516K
NS T A NI B DR X KoK
PR, oo S JE AR 25K B RSN T
RS IBURAT A2 0 ANTT I o

3 i p

AR f =R G (GF-AAS) A H
R A B AR QES) Al T Ak 5 7
BERK SlEEE, Hfvcd, Cr. Cu. Ni

Al Pb 0 & GF-AAS %%, Fe. Mn. Sr Al Zn ¥
H ICP-OES'?%‘O & KK Cd. Cr. Cu. Fe. Mn.

Ni. Pb. Sr M.Zn & & FH4ME 5519 0.024 0.03, 2.27.
2.63 9.10. 0.15. 0,07, 0.17 f114.27 mg/kg. ZEHEFK
B, ALt Kz Po F Zn V5 4Ae i m, B4
F 24K F; Cd. Cr. Cu. Ni. Pb Al Zn %5 6 FhE 4>
JBIIZEETS IR ECN 0.31<0.7, LRIk Btk
ST 47K Cu Ml Zn ) THQ 15 ADI {E DTk
BIEER, THQ Tk RN LE & T 2t
T B, BN A B EL RN SN RS S
M ZEbrHE R 0T EE A £ (5 L 2 D7 T34 1 TR
KEEJE BB XS, AR TR

KEE B B ARAL T2 20T, BRI KB Cd
A1 Pb PRI fE e RS AN A0 o
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