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Abstract

BACKGROUND: Recently, various rice by milling degree
is sold for health and taste. To provide safe food to
consumers, it is need to know the change of heavy metal
contents according to milling degree of rice.

METHODS AND RESULTS: This study was to investigate
residual the levels of cadmium (Cd), lead (Pb), copper (Cu)
and zinc (Zn) as stated in the milling degree of the rice
contaminated Cd and Pb from 2011 to 2012 in
Chungcheongnam-do. Rice samples exceeded the maximum
residue limits (MRL) of Cd and Pb were milled by five
degrees (0.0, 2.45, 8.02, 10.48, 15.09%). Milled rice was
digested by microwave method, and analyzed heavy metal
contents using ICP-OES. Recovery ratios of 4 heavy metals
such as Cd, Pb, Cu and Zn were ranged for 79.7-98.9%, and
limits of detection (LOD) and limits of quantitation (LOQ)
were fulfilled with the normal analytical standards.
Concentrations of Cd, Pb, Cu and Zn were ranged 0.416-
0.433 mg/kg, 0.183-0.26 mg/kg, 3.639- 3.882 mg/kg and
16.868-19.801 mg/kg, respectively.

CONCLUSION: From these results, conforming with
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increase of milling degree of rice, Cd, Pb, Cu, and Zn
contents tended to decrease. The contents of heavy metals
were decreased 3.1% in Cd, 29.3% in Pb, 6.4% in Cu and
15.1% in Zn, in according to the highest milling degree of
15.09%.

Key words: Cadmium, Heavy metal, Lead, Milling degree,
Rice
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Table 1. Recovery rate of rice granule by milling degrees
Removal ratio of rice bran by milling degree (%)*
Sample
0.00 2.45 8.02 10.48 15.09
A 100.00 97.55 89.54 86.11 80.68
B 100.00 97.53 90.66 87.18 82.29
C 100.00 97.56 92.83 89.90 84.05
D 100.00 97.52 89.76 86.27 80.47
E 100.00 97.52 91.07 88.66 83.13
F 100.00 97.54 9221 90.43 85.68
G 100.00 97.59 91.12 89.66 86.91
H 100.00 97.54 93.66 91.56 86.04
I 100.00 97.54 91.32 88.44 85.23
] 100.00 97.56 92.99 91.56 87.72
K 100.00 97.56 93.92 91.15 89.40
L 100.00 97.52 92.32 89.03 83.33
M 100.00 97.58 91.87 90.01 84.51
N 100.00 97.57 92.67 90.82 86.59
O 100.00 97.59 93.07 90.49 85.26
P 100.00 97.55 92.70 91.08 87.23
Average removal ratio of rice bran(%)* 100.00 97.55 91.98 89.52 84.91
Average milling degree(%)** 0.00 2.45 8.02 10.48 15.09
+(0.000 +0.005 +(0.324 +(.442 +0.623
Average water content(%) 12.7 12.6 12.8 12.2 124
+0.001 +0.003 +0.002 +0.005 +0.003

* Weight of milled rice/weight of brown rice x100

** Average milling degree (%) = 100 (%) - Removal ratio of rice bran (%)
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20112012 %0 SAGE oAl e & F T34
38715 2udto] A3 S w2 A 167 ARE
2H 53T 10 Mesh (<2 mm)& A &sto] FA A i}o] o
FE A e GAS |, Al 5& AASL, et
gt Fehfjo] Ale R ARSIt} 71788 4] 7](FS-2000,
Misul, Korea)& ARg-sle] 0]22Q1 E=/ldvhe 285}
EAEE ook dvlE 100%2 EstS o =gH &
o] HAL Hulo] g 97.55-8491%=, =& EALE:
245-15.09%2 A&t du)E Z3sle] 2 57) W99
FEE AAste =A% 23, Z47te dwES e 100,
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2.45, 8.02, 10.48, 15.09% A5 Atk =A% AL 24
7](Daesung, DA282-2, Korea) 2 £4fs}o] 14C ol YA &
sl ARSIt

=4 A% HuE T8 BE AR SEFRS AZ
A AWRAEH ) 105CoflA] A} Ak ] Ako
AZNME olgsto] ST FRBUFE Hat 122-127%=
ol w2 FEigh Weprh fiiek(Table 1).

AME2dXE o 2N

7 prdz 249 4 AR 2 g8 vlojaage|s H
47|(XP1500 vessel)of] Y1l 70% ZAHElectronic grade,
Dong Woo Fine Chem., Seoul, Korea)2 12 mL #7}gt
5 &= Ul9] Heating Blockol|A] 80°C o 147t 59t 7}
sto] WAst= 7kAaE AASHATE 7k AlA F, 28719
npop WiHE 201 - upojazgo]H FFX|(MARS 5
Version 194A01, CEM, North Carolina, USA)E ©]&3}
o] 1200 WollA 10527+ 800 psi, 190 C71A] AF5A171 &, 20
B2F fA8ke] Ballstnt. £= Ule] Heating BlockofA]
140C o 1417F Bk 23] 9 528 851, 2ars 271
o] 2F F9& 10 mLE 83+ 5, Whatman o{2}-2](3im
pore size, 11 diameter)2 oI}t ZA|H Al-gH2
FreAgE2EE7|(ICP-OES, Inductively coupled
plasma optical emission spectroscopy, VISTA-PRO,
Varian, USA)E ARgsto] & 471 555 ¥4 71E%, |,
72, ofdo] sl wAS Axsion, s7RAzAS
Table 29} 7t}

dsetd # 32 AI™

7FEg, |, e, otdel EFEEHICPE 1,000 mg/L,
Merck, Germany)-& 3% 24| GAE=R A|zslo] 4
FAS A 258 Had sEE ViEE, B2
0.0625, 0.125, 0.25, 0.5, 1 mg/kg, &= 0.3125, 0.625,
1.25, 2.5, 5 mg/kg, ot 125, 25, 5, 10, 20 mg/kg o
2 sk,

Table 2. The operating condition of ICP-OES

Parameters Conditions
RF Power 1,200 W
Nebulizer Gas Flow 0.8 L/min
Auxiliary Gas Flow 1.50 L/min
Plasma Gas Flow 15.0 L/min
Sample Pump Rate 15 rpm
Plasma Viewing Axial
Read Delay 30 sec
Rinse Time 10 sec
Replicates 3
Wavelength spectrum (nm) Cu 324754
Cd 214439
Zn  206.200
Pb 182.143

A& (LOD, Limit of detection)®} F3HA(LOQ,
Limit of quantitation)= ¥H-5-9] A} ARk 7|27
of ZAsks WHE et #Edde 9AER 39 whE &
Hajol BReS A% y2 geto] thol Aof et Ay
SHAT-

LOD = 33 x 0/S
LOQ = 10 x 0/S
(0 WHE-o] EZHAL S HFALY 7127)

sl Aol BT} KRISS, Korea Research
Institute of Standards & Science)®] % 24 CRM
108-01-001 (normal)& AR&-5to] EAA =7}
I S04 33] whESke] 7 Y

x =
s 2 s4e AEEN
AZEZELS ol§3 B 8582 7IER 989%, |

79.7%, 2] 98.9%, ot 94.6%5 ZAE|gitHTable 3).
o gjegol e A W Aol AFHA gk AFHE

4L BoPwol AR iEe s Holth HEIAC} A
3

A FFERLS R?=0.9999, Y- R’=0.9998 2 et on], g
L 031255 mg/kg HEoA R’=0.9999, o}d-L 1.25-20

Table 3. Recovery of heavy metals with CRM (Certified
Reference Material) rice

Fortified Measured
Element Value (mg/kg) value (mg/kg) Recovery (%)
Mean SD Mean SD

Cd 0.031 0.002 0.031 0.004 98.9 +0.001
Pb* 0.027 - 0.022 0.008 79.7 +0.004
Cu 3.22 0.09 319 0375 989 +0.143
Zn 229 0.7 21.66 0.871 94.6 +0.085

* Non-certified of Pb in CRM

Table 4. Limits of detection(LOD) and Limits of quantitation
(LOQ)

Element LOD (mg/kg) LOQ (mg/kg) R?
Cd 0.003 0.009 0.9999
Pb 0.021 0.063 0.9998
Cu 0.012 0.036 0.9999
Zn 0.007 0.022 0.9999

* Average of 3 repeated measurement
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Table 5. Heavy metal contents by milling degrees of rice (Unit: mg/kg)

Heavy metal 0% 2.45% 8.02% 10.48% 15.09%

cd Mean 0.433 0.429 0.426 0.420 0.416
SD 0.208 0.205 0.204 0.202 0.189

Mean 0.260 0.237 0.222 0.204 0.183

Fb SD 0.057 0.052 0.056 0.052 0.041
Mean 3.882 3.841 3.766 3.720 3.639

Cu SD 0.793 0.783 0.792 0.793 0.774
74 Mean 19.801 19.184 18.353 17.807 16.868
SD 2.848 2.863 2.951 2.998 2.994

110.0

100.0 s &

Polished/ Brown Rice Ratio (%)

0% 245% 2.02% 10.48% 15.09%
Milling Degrees of Rice (%)

Fig. 1. Change of heavy metal contents in rice by milling
degree.

mg/kg FENA R’=099998 F53 4L Herk 7}
B4, o, e, obde] A== 242 0.003, 0.021, 0.012,
0.007 mg/kg, 7I=w, W, &, °oFde AFHA= 24
0.009, 0.063, 0.036, 0.022 mg/kgZ ol= LAl WE F=
& JjzRnt e grom $4 Aue eie] FHEgt
(Table 4).

715 FAT B B AL gifo s Zgst Agew
7hewe dulY o 7H =2 TRkl B4t 0433 mg/kgE
BT, 15.09% Z=AuloA 0416 mg/kgo 2 74 W 2
I} & B9tHTable 5). o] =uje] A(wn))o| tiglt 7t=
Fo] 7738715202 mg/kg)ol dial 2uf o]Ade] e
oYEE Bty Bk w2 AnE AHEY, 6702 Al
2|4 10.48% =Au|HTt 15.09% Z=A0|9] 7t=E alafo]
oF7t o A YepgAY EH =L S| me e
ko] thh EojEs S Hylon 15.09% =Aul= &
ulof wsf o 3.1% FaEdow, Ado R AilslE o
7187] kol -0.8382 & UebithFig. 1). o] 7l=Ho| 4]
EA Wl SE 7HAR RS ofeido] T2 F4of ]3|

Ao R A, v FE FHEFo] AR o] o] ul
¢ A= Hueh fARE 23 A9thLee and Lee,
1982; Muramoto, 1990). 7}E5-& wojA] B 22o] Zo]Lo]
0.73%0]H, ZANA 15%, L]T|o|A] 40%, Wu]o]A 45%7}
Byl Qe AoR BuEtiLiu ef al, 2007). wahA]
ol S8 7FERS AART: AR og4o] 27| uf
woll =40l wet fare Aom B

W2 dnd o 7P =2 el Wt 026 mg/kg,
15.09% Zu|oA] 0.183 mg/kgo 2 7} 2 ks W
Fom(Table 5), @ujollAl= =W %73]-87]1(0.2 mg/kg)
£ 2oy mAE woldas WRSE7|EA ofst
B fadsts 238 Bk BE AlRoA == ST
of whet o defo] HFagion, 15.09% =Aul= dulof
ls] 2|t 29.3% #aHAtkFig. 1). o= Adde= ALt
alE o 71&7] gto] -7.1333 & Ueigon 7Eg H|
3f 71&7] gkol 8.58) o] Aoz A O Hol AL
utet $of gHFo]l G4 oSS & 5 Uk AlEA
= EYORRE gd& AY F5okA] gethal BaEglon
(Alloway, 1995), Park 5(2009)+= 2] Q282 T4=A157}
ZFEgE>otA>FE>H 08 o|FEn, Hol B vla| &
A, dn], Wu] o' A9 oYPE|R| ok Aol fARE A
5 Bkl Huskgich o] njfojkol thE Fa4 o
a5 Hlef =4z - o ghgo] & o= fFast At
 71EH, ofd, Ftelof| Hlsl go] AFREL o|gido] A7
o] ERE| weh & Fog asiqlrial Hojzich

A B F el ofd Y] MFEETIES 7L Yle U
= glom, meba B BRe 37 ket FHEolA
o] T ol Bt Fel9] ofe] A+ AuE T
vl wstoiet 2 AtollA 2AbE A HA Al Helo g
2 FHu] Zo|A it 3.882 mg/kg, 2.45% = u]ojA
3.841 mg/kg, 8.02% Z=AulofA 3.766 mg/kg, 10.48%
TAu)ofA 3720 mg/kg, 15.09% Z=AuloA  3.639
mg/kg®] kS WGl om(Table 5), EAE} Z715ko] w
2t HFHO R 6.4% Eo]Ee AFS UEULL o= A4
dom AeiE o 71&7] #ko] -1.6164 2 EithFig.
1). oj9} 22 A= A=A F2Heto]2(Top-rice) =
A E AR o A AEfet B(eu]) o] Hat e gkl
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20054 0.39 mg/kg, 20064 0.38 mg/kg, 20074 0.13
mg/kgS YepH AT A3H(Park et. al., 2008)e} vl
S 1 2o Ak w3k Fuje] ofe 2AF Aol B
&2 1.958 mg/kg(Jung, 2003), 1.10 mg/kg(Ko et al,
1972)9} BlwstlS e i & AdE 2k oyt
nl=roll Al ARG 2] kel Bt 4.14 mg/kgeol Hlgf W2
SR E Ko7 Jch(Bennett ef al, 2000). =35 Kim %
(2001) 9] 1+ Aol S-efufe} Ao] Hat 3 2.20 mg/kg
I} 45 FO B 2.67 mg/kgs Hluwst] £ uf w2
EAEE e AoAz el w4 Ut AS & &
ASATk

of¢1o] B+t S An| FollAl Bt 19.801 mg/kg,
245% =)ol 4] 19.184 mg/kg, 8.02% = u|oA 18.353
mg/kg, 10.48% Z=Au]oA 17.807 mg/kg, 15.09% =4
mjol A 16.868 mg/kg?] FEFS Wl o(Table 5), T2
FE4 dAET vRRE =4 F74e] weh Fd)
15.1%9] frage 2ol Ao s ALtels of 71&7] &
& -3.7334 = Uy thFigl). otde] e e Fu5
o] Hjgf] ki WS #xE Bt AR F 7P EA4
A% oFd 9| g2 25.135 mg/kgolH, o] Ail= =<
ofg] A A% ¥ Jung 5(2003)°] Hilgh et o 16.56
mg/kgt A 4 B T 1612 mg/kg, H71419]
2 W $HeF 17.39 mg/kgd Ko 5(1972)0] Hurgh Bt
3 23.1 mg/kg, Nriagu and Lin(1995)©0] X113 ¥iu]of
Mol WE B 230 mg/kgd vlaw THS RAT
Masironi 5(1977)¢] HE1gF @u|oAQ] H+ d=F 164
mg/kgi} Wujo|xe] HF =F 13.7 mg/kgHrh= <F7h
ES A

3 E

SAEE oA 20112012920 71=H E= @o) A5
318715 Hgoto] FAF BHS w2 B gl Jt=E
I o)l e, ofdle Tk 9 Bl mA k| nE F
o4 AR T WstE 7 245t tEEY] He 2
£ ANRAA FE7IEAE 2t TR HAEHY w2
QAEE Bk E3E 15.09% =Av|= dulof Hg| t=E
o] Hdf 3.1% 74 EolE= AoR Kol B w7t F7t
UE JIERY TR Hhdte AEE HAAN §87|E
A ofslR FolEA= Atk Hel A E e AlRCA
518715 26t AEEon, YA Alg B3 Q¢
A ok o] vl 2 FgS Btk o 15.09% =4
£ dulo] vl o) 29.3% 7HF & FRko] gAEg o,
TRl uEh v HoR FAEE AL 1T 4 Utk
ol =g vl fHAmIL 2 HOR

A

E olgoE Hulg WA ¥ Gl B
2 gastgnt Azl Bag B4 olFdaAe st A
AT 79 kRt Al Uglo] B e, ofele o o

o al87120] TARA ot Fuhele] capet 2Aba

o vwstls W vl =2 pAglon, EYET S
7Fgtel] whet HFH O R 6.4% Eoj5o] ot Aadke AF
= HAR & #k= gloinh ofde 7129 oy dtofA
ZAHE Bghg vy o =2 A%, e
Zo4 A4S IR E EAErF 2715k ot A
15.1%9] A4S Bk Taske 2xakoa Ailste] 7|
27] Zrog nud & u 7l=8-o -0.8382, Y& —7.1333,
e -1.6164, o} 37334 UElton, o]= 7t E,
o, e 9ok BE =R et faske As Skl
= QAL 53] 2 o2 Fagel Hg faZe] & AoR
Qlrt.

/el Aatg 3 2y, 201120129 % 579
N 7tEw Ee Y 2HRsE7|eol taf FAR) ¥
HES A0 FFEETL i 0] 9] HLe]e} ofdof gk FhEkE
FAE B ACR Hol, T4 Y4t g A
A O Fud daol tiet 29 7Hs = iy
I Bo| Ak E3F dn| F 2ok FEs

Zagke] whek AR Zpolzh QIS Elst

b
o
)
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