creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804: 24011- 200000266879

20184 8H

A= B 3 S

K BB

XX

Wi KB R

i R

Edl

&



FRe| BAYRE Y 1
W shelE BAY )

Analysis of Inorganic Elements and
Development of Arsenic Speciation in Grains

20187 8H 24H

LID TN -8 ANV NE 37

R
S

Collection @ chosun



FRe| BAYRE Y 1
W shelE BAY )

SR o o/ QT S

o S WL Wik L OR SG

20184 41

LRGN =% (NI =

Collection @ chosun



RS B G S SRS

2= C

oy S SR
il
il i i

XA
bl

(*'Collection @ chosun

SR ﬂ G 4

s g @0

B
WA A5 (@
SRS gl 8 /B\ - 2

IR KA 9 Z. B
SR LN Voo

o

|

20184 5K

KB KB B



i

!
o

A

o)
Hi
c
Ho

i
Hr

WF
Hr

Part 1.

Al 18 A

=0

a H
P

A 2% A=

iz
ol
<

—

W
iy
NR
4

=K

2. Aok

10
13
13
15
15
17
19
90
920
90

AL B (FAPAS) eeeeereeeesessesseesiieiii i

e

N

A =" 7171

9%

=
=

1. A= &3

o

N

Tion
4

G

il

T
N
=
i)
<

o

o] g v}

=
=

7}. ICP/OES
1}, ICP/MS
t}. DMA

S

4qr

= 1
K=

=i
=

&)

i

&

o] g3t v

=
=

e
Nd
T
i
ol

o

ojo

o]

=
=

xr
il
o

0
T
o

sl

NJo
!l
.UAIO
__ﬁ
o
o)
s

iz

o

21

S

. =9

Collection @ chosun



21
22
24
24
24
24
27
28

[©]

=

Dz

a4

[e)
}\] @ (FAPAS)

A, LOQUA ZETFA] ) wevveersssssrersesessssssssssssssssssssssssssssssssssss

}

°
pad

L
.

==
=
Gl

2~
‘:I’._l_

= 9]

7

3. Xéf’é*é(Precision) g; zé :Eg}/\é (Accuracy)
4. §]—’F%(Recovery)

1. ;q /ﬂ/ﬁ (Linearity)

2. LOD(#

A 3 257 9
o.

7
T

=<
i)

o

cha

1. ICP/OESe®l ¢z

30
35
-39

G

ik
Hr

R

o)
it
<
Ho
_

E
Hr

+ m)

°
pal

2. ICP/MSel 9

39
46
52
5

o

b=
Hr

i

o7
Hin
Ho
_

nE
Hr

3. ICP/MS % DMAc¢] 9

o6
60
63

i

4
!
Nfo
o
Hip
.
e

wE
Hr

=
=
]

o

)

o

Collection @ chosun



67

2

A 4% 8

o
al ]
B!

e

34

iz

Mo

"K

Part 1II.

35

Al 18 A

92

92
Q2
Q2

iz
fal
<

or

2. A

93
94

94
94
96
98
.-08

T A (FAPAS) seerererereenmstenssssis i

=]

=]. =%
IS

] 423}

Eis

1}, HPLC-ICP/MSel 9]

0
NI
)
Eo
!
mK

N

T
djo
NR
o)

Njo
T

Gt

i

93
9
99

o

w9

s

Dz

71Rl & e

sl

=
Hr

100

Collection @ chosun



o
o
mu
po
il

Mo
Tor

100

ik

100
107

o

rvze)

;e

7A

olo
_zwc
_él

108

vzel

T

)A
N
Ny
N

110
112

o

o

Hr

H
E@' B 72

Mo

[i3
o

H] 42 3}

ki3

3. HPLC-ICP/MSel €]

112
112
112
112
112
114
114

1
A1 2] 29 (REHADILILy) weseveseeeseessesseesssrsssssessssssssisisississ s
&

=
[}
T

d
2 A
A B (FAPAS) eereeeesrsresesssssisisisisii

ZI(LANEATILY) w+vvsseresssossssssessssssssssmssssssmssssimssssinssssssnssssssssssssnssssissssssissss
A (LOD)

. ~ ~ ~ ~ ~ ~

116

116
125

=y
T

il
Mo

129

131

OF tttceerecersccersscessscsorccsnscosssscssssosssassssssssssssssssssscsssssnssces
}

A 47 Q2

132

o
op
g

XA

_|v_

Collection @ chosun



Table 1. List Of Grain SAMPIES wwwwrrsssmmssissitiisiti ittt 11
Table 2. List of grain processed food SAmples s sesseesssmsmsiiniiniiiiis 12
Table 3. ICP/OES operating conditions and measurement parameters -« 16
Table 4. ICP/MS operating conditions and measurement parameters -« eseee: 18
Table 5. DMA operating CONAitions s esessssssssssmssisististintistisissisiisi s 19
Table 6. Analytical methods validation of inorganic elements using ICP/OES and
ICP/MS ....................................................................................................................... 26
Table 7. Validation result of certified reference material (NIST-1568b), Rice Flour
......................................................................................................................................................... 27
Table 8. Food Analysis Performance Assessment Scheme (FAPAS) results and
Z_ScoreS ..................................................................................................................... 28
Table 9 Macro elements content il’l 12 klnd Of grail’lS .................................................. 33
Table 10. Macro elements content in 9 kind of grain processed foods -««==eweeemeeeeees 37
Table 11. Minor and trace elements content in 12 kind of grains ««eeeeeeeeeeeeene 42
Table 12. Minor and trace elements content in 9 kind of grain processed foods --- 48
Table 13 Heavy metals content in 12 klnd Of grajl’ls ..................................................... 54
Table 14. Heavy metals content in 9 kind of grain processed foods =wwwseeremseeeeeeeee 58
Table 15. Daily mean dietary exposure and risk of heavy metals for grains - 62
Table 16. ToXiCity level Of arsenic SPECIES w s wrrrrmmimssiiiiiiiisitisis s ]7
Table 17 Operating COHditiOHS for HPLC_ICP/MS SyStem ............................................ 97
Table 18. Validation of the separation method of arsenic species (6 species) using
GTAdient MELhOQ « s weesreessessessssss i 101
Table 19. Validation of the separation method of arsenic species (5 species) using
ISOCTAHC TNEHROM wrrereerereeresrmressessssssess s 103
Table 20. Validation of the separation method of arsenic species (4 species) with 5

mM malonic aCid .................................................................................................. 105

Collection @ chosun



Table

Table
Table

Table
Table

Table
Table
Table

21.

22.
23.

24.
25.

26.
217.
28.

Comparison of chromatogram baseline according to mobile phase

COl’lditiOl’lS ................................................................................................................. 106
Recovery rate by ultrasonic extraction time at 80 C condition - 109
Quality assurance of arsenic species using 5 mM malonic acid for 120
min at 80°C Wlth Sonication. .............................................................................. 113
Inter-laboratory validation of Optimal Analysis Method «««eseeeemeeesemneneeneee 115

Food Analysis Performance Assessment Scheme (FAPAS) results and

ZfSCOI‘eS ..................................................................................................................... 115
Arsenic Speciation COl’ltent in 12 kll’ld Of grains ........................................... 120
Arsenic speciation content in 9 kind of grain processed foods -« 127

Daily mean dietary exposure and risk of inorganic arsenic for grains - 130

_V|_

Collection @ chosun



Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.
Fig.

© 0 N O

10.
11.
12.
13.
14.
15.
16.
17.
18.

19.

20.

21.
22.

2923

. Daﬂy grain COHSUmption per Capita ......................................................................... 4
Scherne Of microwave digeStiOl’l PIOCESS *rrerssrerssssssrnsssssuttiaiiitttiitttsittts e 14
. Result of international proficiency analysis tested by FAPAS(Powdered

Comparison of macro elements content in 12 Kind of grains ««eeeeeeeeeeeess 34
Comparison of macro elements content in 9 kind of grain processed foods 38
Comparison of minor elements content in 12 kind of graing --w-eeeeeeeeeeeeees 44
Comparison of trace elements content in 12 Kind of grains «eeeeeeeeeemeneeees 45
Comparison of minor elements content in 9 kind of grain processed foods 50
Comparison of trace elements content in 9 kind of grain processed foods 51
Comparison of heavy metals content in 12 Kind of grains -eeeeeemeeeeereeees 55

Comparison of Heavy metals content in 9 kind of grain processed foods 59

LDA statistical analysis result of 12 kind of grains(96.2294) «««--wwewemeeeees 64
LDA statistical analysis result of 3 different grains group(99.67%) -« 64
LDA statistical analysis result of grains in three groups «reeeeeeeeeeeeeees 66
The type Of arsenic IndiVidual SpeCieS ................................................................. 87
Arsenic metabolism il’l mammahan ......................................................................... 89
AnalySiS method Of arsenic SpeCiation in Grains .............................................. 95

Chromatogram of arsenic species(6 species) separation using Gradient

method .......................................................................................................................... 101
Chromatogram of arsenic species(5 species) separation using Isocratic
methOd ......................................................................................................................... 103
Chromatogram of arsenic species(4 species) isolated with 5 mM malonic
aCld ................................................................................................................................ 105
Chromatogram of arsenic species isolated with 5 mM malonic acid - 106
Comparison of recovery ratio by extraction SOIVEnt =-res«reeseressreessneseeennees 108

- Vil -

Collection @ chosun



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

23.
24.
25.
26.
21.
28.

Recovery rate by ultrasonic extraction time at 80 T e 109
Schematic diagram of arsenic species analysis method In rice ««-eseeeeeees 111
Chromatograms for detection limit of arsenic species using malonic acid 113
Histogram of total arsenic and inorganic arsenic in 12 kind of grains ----119
Comparison of arsenic speciation in 12 Kind of graing «eeeeeessesesemees 119

Chromatogram of arsenic speciation in 12 Kind of grains «eeeeeeeeeeeeeeeee 124

29. Histogram of total arsenic and inorganic arsenic in 9 kind of grain

30.

processed fOOdS ...................................................................................................... 126

Comparison of arsenic speciation in 9 kind of grain processed foods -+ 126

- VI -

Collection @ chosun



ABSTRACT

Analysis of Inorganic Elements and

Development of Arsenic Speciation in Grains

Nho, Eun Yeong

Advisor : Prof. Kim, Kyong Su, Ph.D.
Department of Food and Nutrition
Graduate School of Chosun University

Rice, whole grains and grain processed foods account for an important portion of
South Koreans' stable foods. Because of their various nutritive components and
diverse physiological activities, their intake is gradually increasing these days. In
this study, elemental contents and arsenic species were analyzed in rice, whole
grains and grain processed foods via advance analytical techniques. The inorganic
elements were analyzed using ICP/OES, ICP/MS, and DMA, and the arsenic
species were analyzed using HPLC-ICP/MS. In addition, daily exposure levels were
assessed based on the results of the analysis to evaluate the levels of hazards in
comparison with the recommended standards. Also using statistical methods the

individual grains are identified according to the characteristics of the raw grains.

I. Analysis of macro and trace elements in grains and grain processed
foods

The average contents of macro elements in raw grains were reported in the
order of; K: 2421.2 + 40.6(Mean+SE) mg/kg, P 2420.0+31.9 mg/kg, Mg 752.6+11.1
mg/kg, Ca 114.4+2.8 mg/kg and Na 17.6+0.5 mg/kg. The analyses of nine kinds of

raw grains indicated that, although the average contents of macro elements in raw
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grains were similar in most cases, higher levels were identified in miscellaneous
grains such as buckwheat, oats, and adlay. The average contents of macro
elements in grain processed foods were found to be; Na 3364.2+301.1 mg/kg, K
1585.5£72.6 mg/kg, P 1192.4+60.0 mg/kg, Mg 273.6+19.5 mg/kg and Ca 218.6+45.3
mg/kg, which were slightly different from those in grain raw materials.

The concentrations of trace elements were were found to be varied among
samples and were reported higher in whole grains than in polished grains. Among
the elements detected with contents not higher than 100 ug/kg, Ga showed
significantly higher contents in oat, wheat, and barley while Co showed high
contents in millet and buckwheat.

The results of analyses of heavy metals (Pb, Cd, As, and Hg) indicated that
their contents in raw materials were; As: 0.038t0.001 mg/kg, Cd: 0.016+0.0003
mg/kg, Pb: 0.013£0.001 mg/kg, and Hg: 0.002+0.0001 mg/kg. The heavy metal
standards for grains used for comparison were Pb: 0.2 ppm or lower and Cd: 0.1
ppm or lower except for wheat and rice which have the standard of 0.2 ppm or
lower. From results it was found that no sample exceeded the standard
recommended values. In the case of grain processed foods, the contents of the
heavy metals were; As: 0.047+0.004 mg/kg, Pb: 0.020£0.002 mg/kg, Cd: 0.013+0.001
mg/kg, and Hg: 0.002+0.0002 mg/kg, which were similar to those in raw gains.
The average contents of Pb and Cd were slightly higher in products containing
wheat and the average contents of As were found to be higher in products
containing rice compared to other samples. The average contents of Hg were
reported to be at the level of natural contents as in raw materials.

Based on the results of analyses of heavy metal levels, daily exposures to heavy
metals were calculated considering the daily amounts of intake of grains. The daily
amounts of intake of white rice, which is taken by South Koreans as the staple
food, showed higher levels of exposure to heavy metals compared to other grains.
These were as: As (0.226 ug/kg b.w./day), Cd (0.038 pg/kg b.w./day), and Hg
(0.006 ng/kg b.w./day). For all four heavy metals, the contribution rates of white
rice were reported to be high amounting up to 80%. The human health risks of 12
grain items based on daily exposures to heavy metals were shown to be arsenic:

0.52%, cadmium: 5.49% and mercury: 1.29% compared to the human body exposure
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safety standards. In the case of lead, the margin of exposure (MOE) values were
not higher than 1 for both adults and children. Therefore, the possibility of hazards
due to heavy metals resulting from the intake of grains was concluded to be very
low and the subject foods were judged to be safe.

The statistical techniques were applied for identification of each raw grain using
the concentration values of macro and trace elements. From the results it was
judged that grains that overlap with each other on the graph have similar
characteristics. The LDA statistical analyses of 12 kind of grains showed a
discrimination rate of 96%, and it confirmed that the grains were largely divided
into rice, barleys, and miscellaneous grains. The LDA statistical analysis of raw
materials belonging to the three classified groups, it was identified that they are
grouped according to the characteristics of each raw material. However via these
analyses, rice (rice, brown rice, glutinous rice) was not easily distinguished because
of high variability of samples. The analyses of raw materials of the same variety
with and without polishing were judged attributable to elements not affected by

polishing.

II. Analysis of arsenic species in grains and grain processed foods

This study was intended to select the optimal analysis method suitable for the
separation of arsenic species In grains by comparing and reviewing elution
conditions and extraction solvents in order to analyze arsenic species in samples. In
addition, the selected analytical method was applied to miscellaneous grain and rice
processed foods to identify the levels of inorganic arsenic and assessing the levels
of hazards according to the amounts of intake. To review the analysis method,
inorganic arsenic was extracted at 80°C with a combination of heating extraction
and ultrasonic extraction using 1% HNOs; as an extraction solvent and the
efficiency levels according to of three elution conditions were checked.

When the three elution conditions were compared, the isocratic method using 5
mM malonic acid (pH 5.6) as an elution condition for the analysis of arsenic
species in rice was judged to be a very useful analysis method for quantitative
analysis of inorganic arsenic in rice. This is because it showed lower baselines and

higher sensitivity. To minimize solvent interference, 5 mM malonic acid (pH 5.6)
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was used as the extraction solvent identically to the mobile phase and the
extraction time was set to 120 minutes. As a result of effectiveness validation
under the established optimal analysis conditions, the precision was identified as
2.174.7%, linearity R%=0.9994, accuracy 96.47105.6%, detection limits 0.0270.03 pg/kg,
and quantification limits 0.0670.10 ng/kg.

Based on the established analysis method, analyses to separate arsenic species
from 135 samples of 12 kinds of raw grains and 135 samples of nine kind of
grains processed foods consumed in South Korea were conducted using
HPLC-ICP/MS. Inorganic arsenic was detected in all 135 samples of raw grains
and the average concentration was identified as 0.028+0.034 mg/kg.

By sample, the contents of inorganic arsenic detected in brown rice, white rice,
and glutinous rice were 0.084+0.025, 0.059+0.017, and 0.044+0.015 mg/kg,
respectively and the ratios of inorganic arsenic to the total arsenic were identified
as 24.4% (foxtail millet)~71.89%(brown rice). No samples were found exceeding 0.2
mg/kg, which is the standard for inorganic arsenic in rice, and is currently applied
in Korea. Inorganic arsenic was detected in all 135 samples of grain processed
foods and the average concentration was 0.055+0.042 mg/kg and the ratios of
inorganic arsenic to the total arsenic were shown to be 11.4% (wheat
noodles)™65.8% (brown rice snack). High contents of inorganic arsenic were
detected in rice and rice-based grain processed foods. It is known that rice has
high arsenic contents because it is grown in rice paddies, unlike other crops grown
in fields. Risk assessment was conducted using the results of the analysis of
inorganic arsenic. According to the results, the level of hazards of 12 kind of
grains was identified to be 11.6% compared to the human body exposure safety
standard for inorganic arsenic of 9.0 ug/kg bw/week recommended by the Ministry
of Food and Drug Safety, indicating that the risk of hazards was very low.

Through this study, an analysis method for arsenic species separation was
established and the contents of arsenic in grains and grain processed foods
consumed in South Korea were monitored to determine the applicability. The
analysis method was found practical for analysis and monitoring the safety of

inorganic arsenic in grains.
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ez vhFstA A A (Lee, 2002).

Aol @ BRA EITRS FF L3 2

Hie

T3

st 59 AgEAd a3E JeEdh(Kang et al.,

2017).

71 % (Proso millet, Panicum miliaceum)= =5

FotAlolrt AR 2
w4 A AAAT AAS] dRe] d%x &
oA A

2 Aol wE

FaAY W Ao e

SEHRE

2003; Kim et al., 2015; Lee et al.,

ZolAq 714 93 717 AuE ol gk

o AujHE A vls) FEFo] WA ZFrh(Lee et al, 2011; Min et al., 2017). &4
NX e BFsts ool duidolt} A, HEWl AV F5-5FL(Woo et al, 2010;
Ha & Lee, 2001) o<, ®y], xS o Sof &37F Adth(Jung et al, 2014;
Kim et al., 2016).

w4 (Buckwheat, Fagopyrum  esculentum)s = Ujol A A HH 2 (Common
buckwheat, Fagopyrun esculentum Moench)®}  &W 2 (Tartary buckwheat,
Fagopyrum tataricum)® 550 ddkyo] 90% o)A AujsE a2 A cHLim, 2008).

M ST ol =R

Aoz, WL, 5o AR

sheFo] wWol &abslso] =om(Maeng et al,

24 gl ol

1990), =<, ",

stal tH(Kim et al,

1977; Shiratori & Nagata. 1986; Bonafaccia & Kreft, 1994, Mazza & Oomah, 2005).

T (Sorghum, Sorghum bicolor)©
o] Aol Al S WA ol A
2 gdy SR xeols 5 dlEA e
gA e g AG7F o] Foj A
© Zo] tiA ol o =

A HWoo et al.,
g8y

A=s
hY

[ at

W ol =

o
N

e

3
1)

g2 450l 93 MRt @ob W)

_6_
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ozt @ obrlobrl kA= Au)
of Al AW Asetttn ed Aok F
o] 7] W

3 Yt (Woo et al.,
F(Maize, Zea mays)= ‘Folvlgl7F 2 #A| =

A B E=Eol

Al B

2010a). <+
2010b).

F5EY e
HH(Park et al.,

ol AaA



TorE &8y 9ti(Jang et al, 2005). T A& B 75 ARk APdEoRE
ol Abg ¥ YrHKim et al, 2013; Lee et al.,, 2015).

&% (Adley, Coicis lachryma-job)~= W39 ZEAERE 1L F&3 BelA 2 =
Aot gt E o] of 60-70%, 2EW A 154% 2 UhE FFE Bluste] EE ghao
2 EHATH(Yun et al, 2008). &5 oiEA @A EHAZ coxinolo] 3o
(Ukita & Tanimura, 1961), A3 A|(Lim, 2008), T4A% = 2 As i
(Chung et al., 1988; Kim et al, 2004)¢} #H ¥ A7} 2ol FaE A H(Lee et al,
2009). = 2= vpAlAY "o FA R AFE-EH(Chung, Kim & Yun, 2006).

Z(Foxtail millet, Setaria italica)v= ‘&5 FAlotol Al Aujso] fFae Aoz dedsl
o Fdotrel, T, A= FolA AuizE stk Au 713bo]l #Ha Az @
Aoz & A 540 2tk (Soh, Lee & Ha, 2002). ©3t%E 2 7|42, vE}

9l Fo] Bil Fe % @Wol H1¥ oo giHo|th(Ha & Lee, 2001). A2+ 2%

N

15
o7y W we o AF 5 e WEE AR 502 A¥|¥tH(Jang et al,

1
2005).
Aol 3u] FEAQ GdteE, @ B A oo FridE dex g
o

ATHWilliams, 1990; Yasui, 2004). dubg oz AufolA 100 mg/day ©]d 222 3}
T YL E gFdad Ao, nFdAE 100 mg/day mIWe] A7 Do R S}
T YY¥AEE Edh(Karadas & Kara, 2012). #7122 7247t b2 7]5S 7HAH A
Aol web AAA gt Fol TR 1A Al wFdAe] Fieo #
A= AARAZ]F (WHO)SF v =red F8ts] (National Academies), 2% @913
A g FaF stol=ekel o] AL o IS e w

=

%

rob
o2
12
R

_7_
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A tH(Belitz, Grosch & Schieberle, 2009; FNB.

Fa
2005; JECFA, 1983; WHO, 1996; KNS 2015).

S

o

mH

ol
4

Nfo

il

1. =>=
a=

o] Z <A Ao WVl 4, BEY o=

v (Pb) &

(Cd) =

S

(Hg), 7}

o]

/g—

%50} 5 47]% of
= AE9

dl

Z

o} <)

?61_-
UERITHKIm et al., 2009).

i = A AA = A

9]

=]
-

= A

¥
Aol FHE 9]

ir =
=T

= X3
L

1

A
o] #HA 3}

k-
5

Ao

o

a4

S zka 9dth(Lee et al., 2006).

il 1

9]

el

wpebA Aol A

oy

o)
b

—

T

o
j

e

=y
o

offy

il

A e

o

Hr

N

—_
o
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A 12 AdAs 2 7]7]

1. 434S
B Ao AlgE 9 AR AFAES 20139 AT Fa ) 249 gEnie o
AEANG Lol Ao n A AES FYSAT 9 AnE A 3B,
W64, Bl 1117, 71 424, il 4, FF 43, S5 o84, &% 4567, &
10371, ww] 10171, & 10171, @l 9571, & 12% 92475 dide= a3, 7hE2
Fo HAFADA, An A, DA 454, A AR(SFE A, Av A )
A, AF(day, Axs uaas fagw) 0002 % 1360 A8 At

FAF Amt WEe AAY #A gol FASS] AEFUL, AF S5F 7
BAE FUE TYSol AW FES AASFD FREA o[ FHE X PR u)

dry oven (GN-012, HanilGNCO. Co., Jangsung, Korea)oll A =%
3ttt 5 AJE+E blender (Hanil blender, Hanil, Asan, Korea)S ©|

=
stel #As F ¥4 WA 20T ol skl A wH3
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oo AFRH Z=H4E Milli-Q ultrapure water purification system(Millipore
Co., MA, USA)d 93] 182 MQ o2 AAlE =5 A&stdth Alsel E3lE 9

3 Ah&¥® FAAHHNOs, purity 70%)3 2HAEsF22(H0., purity 30%)E EF 553420

L

O]

78(Dong Woo Fine Chem Co., Iksan, Korea)oll 4 electronic gradeS -+ 3to] AF&-3}
G, EFEZHLS multi-element calibration standard(Anapex Co., Daejeon, Korea)
100 mg/kg¥ multi-element standard solution I containing all elements(Perkin
Elmer Co., CT, USA) 10 mg/LE AF&st9tt. &2 48 FH7F4= HG-MHT,

HG-BHT(Nippon Instrument Co., Tokyo, Japan)Z A}-& 3}t

3. 717]
7o 7

Uberlingen, Germany)® a3 % Inductively Coupled Plasma/Optical Emission

I

|
o

38l Microwave(Top wave, Analytik Jena AG.,

o

Spectrometry (ICP/OES, =243 et=vt &34 7]; Optima 8300, PerkinElmer Co.,
CT, USA)¢t Inductively Coupled Plasma/Mass Spectrometry(ICP/MS, =243 =2}
zut AR 7]; NexION 300D, Perkin Elmer Co., CT, USA)E o] &3le] EA&
t}. Hg2 Direct Mercury Analyzer(DMA, &4 42+%417]; MA-2, Nippon Instrument

Co., Tokyo, Japan)& At&sto] s SA 5T

_10_
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Table 1. List of grain samples

Sample Family Genus Scientific name N
Rice Poaceae Setaria Oryza sativa 297

. . Oryza sativa var.
Glutinous rice ] 101

glutinosa

Brown rice 95
White rice 101
Barley Poaceae Hordeum Hordeum vulgare 111
Wheat Poaceae Triticum L. Triticum aestivum 64
Oat Poaceae Avena Avena sativa 35
Proso millet Poaceae Panicum Panicum miliaceum 42
Maize Poaceae Zea Zea mays 84
Sorghum Poaceae Sorghum Sorghum bicolor 94
Adlay Poaceae Coix Coix lacryma-jobi 45
Foxtail millet Poaceae Setaria Setaria italica 108
Buckwheat Polygonaceae Fagopyrum  Fagopyrum esculentum 44
Total 924

Collection @ chosun
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Table 2. List of grain processed food samples

Species Sample N
Snacks White rice snack 15
Brown rice snack 15
Wheat snack 15
Cereals Corn cereal 15
Brown rice cereal 15
Noodles Rice noodles 15
Wheat noodles 15
Pasta 15
Buckwheat noodles 15
Total 135

— 12 -
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-
N
i
Mo
1
o
o
rob
r>4
ik
B=)
ol
=2
>,
Ho
N
il

o 9
of 9Ad Wel7} olFolAoF @rh ¥o1E BAL 9% AAe wyom A way,
A8y 9 SolFzyol AFFAMEDS, 2018)0] WA Stk 1 % Ak

o

He Azt ks Estsle] HEajdts WH O E hot plate?t microwaveE ©]
A g Wol 714 A ol tH(EFSA, 2009; JECFA, 2011; MFDS, 2018). "l A] o]
S = a8 A2 HNOsE @502 ARgstAY HCIOaW HoSOss E9ake] 3 st
= el deow RE £ fd H0:5 FH7bste] ®Eallsh7| = stoh. #toll=
HNOs¢t HO25 ©]-83te] =2 2EoA &2 Atte] 2840w HAALE & F 3
Atk o] MHE FAEHY EAI Ao Ao, A

kol =& AR Tl A BEAd WHoR A"

oo
o
ol
rlr

—

Rl

= microwave ©o] Eo] o] &5

(¢

flo

o] Z= o]l 7y

Be =Y F UL 771

Hir
it

vl 9lof(Sastre et al., 2002; EPA method 3052; Melaku et al., 2005, An et al., 2015)
2 A Fo) A E microwaveE o] 83t FAEMHE S Helste] A4S W6ty
a2 Yo 7AstE AXAE oF 05 g2 teflon vesseldl #H3 5 70% HNO; 7
mL%} 30% H.0; 1 mLE #H7Fste] microwave® AHA 2]ste] sttt f71=9 ¢

A3 BE Y3 microwaved &% T2 a#E 1000 W £ skolA 583 80°C7F
A, A 587 50CE 55 Y v, 15627 190C7HA] A5A1A 208 5o 74

St E A Hkgo] FTAHE ¢ &7]E TS| H3a THIFE &7 HdHs A
o] 50 mL conical tubed] Z& 30 go] HEE F (182 MQ)°. 2 make updtalth

(Khan et., al., 2013).
Hgel 4% ®HEeo Fa HdAAgAAg glo] dd3 ® AEE Direct Mercury
Analyser(DMA)° F43te] =438} t}.

_13_
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Sample

- Sample 05 g
- HNO3 7 mL + HzOg 1 mL

Microwave digestion

- Digestion program

stepl. 5 min. 80 C, 1000 W
step2. 5 min. 50 C, 1000 W
step3. 15 min. 190 C, 1000 W
step4. 20 min. 190 C, 1000 W

Make up

- up to 30 g with water

ICP/MS, ICP/OES Analysis

Fig. 2. Scheme of microwave digestion process.

_14_
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2. #7144 ¥ 43S A% 24717123

7t. ICP/OESE ol &% tdZFda £4 =34

ICP/OES+ microwave®Z #3]3t A8 NS o2 (Ar) T2 Se=2vE A8
of eguis} A3 L og7|A|7]aL, of7]® QAA7) vpe AR HEold wjzbx] WE

He BAMS B3AA 42 54 9 B AVIE A9 wRE SA6e dEE &
A3ttt Fesl Znye ICP/MS®E 2413 A9 thE ol 74 93 “Ca'%0, °Ar'®0,
BCa%0 o HAF AP Aol oy wFel ICP/OESE A skch upahA

ICP/OESZE o] &3to] t}&Fd A Na, Mg, Ca, K, P9} v|ZFd A Fe, Zn £ 73S A+
o2 FAsAH(Table 3).

_15_
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Table 3. ICP/OES operating conditions and measurement parameters

Descriptions

Conditions

ICP/OES

RF power (W)

RF generator (MHz)

Nebulizer

Spray chamber

Argon gas flow (L/min)
Plasma
Auxiliary
Nebulizer

Rinse (sec)

Read delay (sec)

Replicates

Wavelength (nm)

Optima 8300
1400

2712
Seaspray

Cyclonic

16
1.5
0.94
30
30

3

K(766.490), Na(589.582), Ca(317.933), P(213.617),
Mg (285.213), Fe(238.204), Zn(206.200)

Collection @ chosun
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e
>
!
rlr
>
il
ol
lo
o,
rfo
ot
i,
I
ax
rio
[Py
lo
i)
ol
Mo
1
filo
<4
o
P‘L‘
rlr
N
N
Mo
1
ol
L
o

o @A -9 v A el Abgstal 9= ICP/M
2 3 A71 10 ppb 559 daily performance 38 Y (Perkinelmer, Norwalk, USA)
S AbgEte] Be, “Mg, In ¥ U9 dHd #grE gl

<
=
5 33 Z4%to] F g AddS SASAeH, FEE=TF 3% ol Ak

A& = 3

ARG EgE EA B F 20709 AlE SART 59 R RFEE&As B4
3tol 71719 <kAAS etk (Table 4). ICP/MSE o] &3le] n &4 Cr, Mn,
Ni, Cu, Rb, Sr, Ba, Li, V, Co, Ga, Se ¥ Cs, 5% As, Cd 2 Pb % 1655 4

shae.

_17_
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Table 4. ICP/MS operating conditions and measurement parameters

Descriptions Conditions
ICP/MS NexION 300D
RF power (W) 1350
R.F. generator (MHz) 40
Nebulizer Meinhard
Spray chamber Cyclonic
Ar gas flow rates (L/min)
Nebulizer 1.05
Auxiliary 2.0
Plasma 16
Lens voltage (V) 6.0
Scanning mode Peak hopping
Resolution (amu) 0.7
Sweeps/reading 20
Dwell time (ms) 50

Element Isotopes

Trace elements; Li’, V', Cr”?, Mn™, Co”,
Ni® Cu®® Ga®, Se® Rb®, S8, Cs'®, Ba!®

Toxic trace elements; As™, Pb™, Cd'™!

Collection @ chosun
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of
NE celll AT W H FEE A9 Fe wPstel 72 4T

7 Hg

2 ok
b o
> o

M
i
ol
-

= 992 45t 4 boatddl AE 005 g EFXAES M+S+M+B+M(M:

Sodium carbonate anhydrous : Calcium hydroxide = 1:1(w/w), B: Aluminum Oxide,

Anhydrous, S: Sample) =4 & H7}sbe] #4189 tH(Table 5).

Table 5. DMA operating conditions

Descriptions Conditions

Working range (ng) 0.1~100
Wavelength (nm) 253.7
Dry time (sec) 60
Drying temperature (C) 300
Decomposition time (min) 3
Decomposition temperature (C) 850
Purge time (sec) 60
Amalgamator time (sec) 12
Signal recoding time (sec) 30

- 19 -
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3. Bol0ae AFEA

218 9138l multi stock solution 100 mg/kgS A8 HEafa} =
A3t 16.3% HNO; &4o =z gAste] 0.25 050, 0.75 1.0, 1.5, 3.0, 50 ¥ 6.0 mg/kg
T 9] working solutions A|Z3dte] JEREEAD AHHe R doz AL
ng E71Ah A4S $5te] multi stock solution 10 mg/kg A& FalAy FA3H
HNO; Fxe] 8qo=z 3g43ste] 0.25 050, 0.75, 1.0, 1.5, 3.0, 50, 6.0 ¥ 10.0 ug/kg
ol working solutiong A|Z3dle] JE-FFE2 HPFH FFdo 2 AE3 tH(Khan

et., al., 2013).

A

7 #4HY w83 HE

4 4%

N
o
of,

FARRE BAL 9

rot
Mo

A8l 7= 3A(Limit of Detection, LOD), A &
kAl (Limit of Quantitation, LOQ), 42 (Precision) ¥ 24 (Linearity) = ©|-&3}
of FEA4E gl EF =g 3tstA A o] Md QS5 EFE H (Certificated
reference material, CRM)< T3t Al59} sU3A &

S (Accuracy) S &138F T

Y F AZga vastel 3

S
R
2,
OH
ol
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1}, 29 £dE Al Y (FAPAS)

oAl g BPAFFIRIL FEs: SA4E

ry
AL
olr
)
>
U (
rO

tomato paste®} 2015 12€¥ powdered riceol] Z7}ate] EAIWFRH I Adlo] )3 Al F

=2 gustad stk Zeadel Artes FAIR e FAF ARE SAsol

ool A AEYE ARz AR 000 LSS S Avw B,

7t EAHEA (ANOVA)

7 Alg3ke] zbolE gR1et7] 918t one-way ANOVA=R FAIAE $ fFo]d9 o
F5 AESAY. F942 scheffe?] thaH]ail(scheffe’'s multiple test)E AFE-3Fo] Al
Het ol gl & Wl gk Hghdke] Aols p<0.05 FEdA AU e
EA A1 SPSS(statistical package for the social science) version 12.0 Z =713
(SPSS Institute Inc., Chicago, 1L, USA) < o] &3}%it}.

. A¥ad £4(LDA)

AgAE B4 (Linear discriminant analysis, LDA)S 2~ W #2Hwithin—class

scatter) ¥ F @~ 7+ E4H(between—class scatter)?] H &S )3} &lo]
Ex wE o AAY9e ZaA7)E dEE 747 Az 7 #olE  g¢ls Y tHCho,
2018). vt 4 Ayl Z2Q38] wte] B AT F FUIE4A 24

g
hergla 5%, vl sl

;
b
o
ofN
Lo
i
ol
o
=
oft
lo
fru
—
)
>
M
1%
o
™,
o,
o
2
N,
N,
1o
iy
S
N

= TR LDA 248 XLSTAT version 2017 Z 213 (Addinsoft Co., Paris,
France)< ©]-&3to] WER AT
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EoATdA e 43 579 SuE5 Z2AEs ol&ste]  x=F%7Hexposure
assessment) S %133 H7b= dAdw-ZF %2 estimated daily dose(EDDE ©]
&3lo] o]Fojyom Hyt AF 16 7+ FAFS P H 6528 kg = AAkst
Ak AFAFAGEE FUNAGGETAe B HT AHAR(67], 201372015)E 285
of A& FE o] &3ATHMFEDS, 2018). 71732l A5 AFHo] AA = AR eko}
71eF FadFge = A s o)

m J;
b
e

ol
FJU

E(mg/kg) x 2543 F(g/day)
(ug/kg b.w./day) = (1)
ol el Ht AF (kg)

it
o,
K
il
ofp

7Y FEEHY dd=EF g3 fEi== AARAZIF(World  Health
Organization, WHO) (1967), <3 =A#2FTAYL3](The Joint Food and
Agriculture Organization(FAO)/WHO Expert Committee on Food Additives, JECFA)
(2010), 183 42 3E<kA A (European Food Safety Authority, EFSA) (2010)el 4]
EERbA 7 vlaste] =2(2)0l whet kel

i
ol
=
rr
=
o
d
(D)
1o
r o
é

A o A% H3 ddw=EF (ug/kg b.w/day)
Y =(%) = - x 100 (2)
A B4 QA w=EokA 7] E (ng/kg b.w/day)
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wol A9 20109 2 ¥ kA H (European food safety authority, EFSA)oll A A<t

St =E b 9 (Margin of exposure, MOE) Wi ol A% fal=E H7IstAh &

H

o 24 NG oldlole] ABABWAEAe] e BMDLeol AFs wel ¥

7Fa ot

o

2 AW & =EEer E gor £40B)S o]&ste] =EHHY

o
o

BMDLy: (ng/kg b.w./day)

MOE = - - (3)
N =2 2 A dLdx==%F (ng/kg b.w/day)

f
X

sl

_23_

Collection @ chosun



Al 37 23 # uF

=
A4, A, 494, LOD, LOQ % dF5idETEdS o83 WiA=dy 2 o FA

2] (FAPAS)E A A8t

1. B A A (Linearity)
7b Aae] P A dEFdaet vEFds BT R=09990 oo w 4% 4
A A) (Correlation coefficient) S &<ttt b Aol A=EFAL 050 ~ 10.0 mg/L A
ole] FTEoA FAEHF L Nao] 09996 = 7FF =4, Caol 09990 = 71 & AA
Ae nYow mFdre] AHALE 050 T 100 png/kg HAMNA HAH A Cdol
0.9998 = 7} =4, Vol 09990 o= 7} Al &l At

2. &A1 (LOD) 2 AZFA(LOQ)
Alzel WHEEAS Fa Fls AESALOD) B FeA(LOQ)= ICP/OESS] 7
$ 0112 pg/g¥ 0373 ng/go® Feol 714 $-F3atA 1503, Naol 0375 pg/g¥h
1.250 pg/go & =& F 2 et ICP/MSe 4% Cdel 0.039 ng/g¥ 0.130
ng/gl 2 5% A3E B3, Gaol 0.105 ng/g¥ 0.350 ng/goE =A A AT

3. ¥ A (Precision) ¥ A& A (Accuracy)
-5 Al (Coefficient of variation) 443 thaFdiel v&Fdas BEF 3% o9
5 ANAS el on, EFEAo HMHA 93 s AF A

_24_
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27F 91.2 T 101.6%% =2 3F4E 3hS gQletda, olelst A= Association of
Official Analytical Chemists (AOAC) 7152 70 ~ 125%, CODEX 7] 80 ~ 110%¢9ll
EE wEeleE 235 AATHAOAC, 2002).

_25_
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Table 6. Analytical methods validation of inorganic elements using ICP/OES and

ICP/MS
Correlation , cv?Y Recovery?
Elements ‘ LODY LOQ?
coefficient (R?) (%) (%)
ICP/OES (ng/g)
Na 0.9996 0.375 1.250 2.926 94.2
Mg 0.9992 0.132 0.440 2.637 96.1
Ca 0.9990 0.293 0.977 2.119 93.7
K 0.9991 0.135 0.450 2.813 94.4
Fe 0.9995 0.112 0.373 2.485 95.3
P 0.9993 0.314 1.047 2.415 92.1
7n 0.9992 0.072 0.240 2.647 99.5
ICP/MS (ng/g)
Li 0.9995 0.063 0.21 2.891 99.1
V 0.999 0.072 0.24 2.474 97.2
Cr 0.9995 0.066 0.22 1.255 95.3
Mn 0.9996 0.063 0.21 1.957 95.8
Ni 0.9997 0.048 0.16 2.328 934
Rb 0.9994 0.093 0.31 0.957 915
Se 0.9992 0.045 0.15 1.965 976
\Y 0.999 0.072 0.24 2.474 97.2
Be 0.9997 0.072 0.24 2.635 95.6
Co 0.9996 0.078 0.26 1.849 934
Cu 0.9992 0.048 0.16 2.168 91.2
Ga 0.9991 0.105 0.35 2.32 94.3
Cs 0.9991 0.072 0.24 1.942 101.6
Sr 0.9992 0.057 0.19 1.194 97.8
Ba 0.9994 0.057 0.19 1.512 94.8
As 0.9997 0.067 0.221 1.404 984
Cd 0.9998 0.039 0.13 1.487 104.2
Pb 0.9994 0.053 0.177 2.394 104.8

ULimit of detection, ?Limit of quantification, PCoefficient of variation, “Recovery of macro

elements were spiked at 2000 ug/kg, while trace elements were spiked at 100 ug/kg

_26_
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4. 35 & (Recovery)

NISToll A Al &3k <
A3 st ICP/OESeF ICP/MSE o] &3te 7H7} <l
BAG A, 858 034 T 9820 WAR B4 el oi@ 294

S H(Table 7).

= 37 X
SEFEA

rice flour 1568b& ©o]&3le] Al&e &

Table 7. Validation result of certified reference material (NIST-1568b), Rice Flour

Accuracy
Element” Certified value Observed value Recovery

(ug/g) (ng/g) (%)

Na 6.74+0.19 6.38+0.12" 94.7
Mg 559+10 535+12 95.7
Ca 118.4+3.1 115.9+2.8 97.9
K 1282+11 1252+14 97.7
Fe 7.42+0.44 7.16+0.56 96.5
Cu 2.35+0.16 2.22+0.11 94.5
Mn 19.2+£1.8 18.6+0.98 96.9
Rb 6.198+0.026 6.042+0.044 97.5
Zn 19.42+0.26 1857+0.35 95.6
Se 0.365+0.029 0.341+0.024 93.4
Cd 0.0224+0.0013 0.022+0.008 98.2

¥ Values reported by ICP/OES (Na, Mg, Ca, K, Fe), ICP/MS (Cu, Mn, Rb, Zn, Se, Cd)

P Average concentration+Standard deviation (n=3)

Collection @ chosun
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5. 79 8% AP (FAPAS)

A FANEFYRI} FAstE A vlusdAx P Zzadel FAPAS(Food
Analysis Performance Assessment Scheme)ol 201593 7€ 3} 20151 12€9] Z7}sko]
Tomato Paste$} Powdered Riceoll thdk #£41S J&tadh. 9774 7] 3o 3ol
tomato paste®] 7% z-scorex= Pb -02, Cd 0.2% 215 dar 62702 7]3o] FHoldh
powdered rice®] z-score= As 0.0, Cd 0.0, Pb 0.1, Hg 0.12 &JAFHAT}t. F 7}A] A
5 E5F z-score’} [Z]<2 & WEstE AdE A olE ) 2 ATE g I

e AN Ayl tie A E=E FRSFIHH(Table 8, Fig. 3).

Table 8. Food Analysis Performance Assessment Scheme (FAPAS) results and

Z—scores
Program Metallic contaminants in tomato paste
Analytes Cd, Pb
Date 2015.07
171<2
Results
(z—score” : Cd 0.2, Ph -0.2)
Program Metallic contaminants in powdered rice
Analytes As, Cd, Pb, Hg
Date 2015.12
171<2
Results

(z-score : As : 0.0, Cd : 0.0, Pb : 0.1, Hg : 0.1)

*Z-score compares an estimate of the error of a result with a target value for standard deviation
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Fig. 3. Result of international proficiency analysis tested by
FAPAS(Powdered Rice)
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A 24 FF

10,
—d
N
rj\g
P>
ML
i
ih
A

Sardieh Qlzke] BFo] 100 mg ol WLE s PAR B ATIME FF
2%, 2, 1, 1, WY, S5 S5, §F, 2 06, 382 A o

ao FFS FAd;A HUvh BAL g8 4 AR AN AR

Table 9 ¥ Fig. 49} 7t}
Ba Ax gZ9s e Kb Prb 242124406(F#:EF A mg/ke,

2420.0+31.9 mg/kge 2 7F¢ =A #HEFHEAL, Mg 7526+11.1 mg/kg, Ca 114.4+2.8

mg/kg® =2 S el #E 35399 mg/kg, T 2887.8 mg/kg, &% 28476

mg/kg, Z 25321 mg/kg, H7 25162 mg/kg, AT 21822 mg/kg, 717 2151.0
mg/kg, &v| 2150.6 mg/kg, & 20356 mg/kg, F& 11459 mg/kg, WY 994.1 mg/kg
SR B 2o stgo g FgeluQlt). Jakobsone (2015)0] wEwW ®Elel 7

ghorwl Ko dhke 4431644595 mg/kg, 380345202 mg/kgo & 2 Aol Aw) )
H =4 gJFHAT. Kim 5(2004)2> &Awnlet #WwvjoA Zkzb 23035 mg/kg, 1089.7
mg/kg= ERlxo] &2

&5 a1, DNA% RNA, ATP9 ADP9
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TR EAete P2 AW 74 .4 T AlE AlEY W % Ao} 55 4
st AT AAEA MEY AdUA] AL, Aol A7) #E =4, Axw 74, A
A A A 59 7155 T (Anderson et al, 2006). PS Hr F=Fe Hd

g/kg, &% 38195 mg/kg, 717 3259.0 mg/kg, #A& 31605 mg/kg <O =
grom w=AE arFol wulel o] 11509 mg/kg, 1084.2 mg/kgl & H|uLE re
FFS Bt Kim 5(2004)2 Av] 32 #wjo] EAjst= Po] o]l Z4zh 20412
mg/kg, 13705 mg/kgl 2 HudP o B Ao o9} fFAFSE oz FAHS]

w
e
K2
©
o
3

Mg AEoA G52 2o Tao] s F714dEeln, ATP, ADP £ 7|4
3} Ay ol E(chelate)E FA st e FAWHSo] o3t (Gang, 2009). 217+e] AW

So) 2E2 4TS A0 ALY 4, 4 AF A, aud, 9

ol
2 b
ro
*
=
o
a
%

59 A & Wacker, 1977, Rude & Singer, 1981). Mg =¥
of ol 714, WY, FF, ST, WEdA =2 FES Bt AsdHE dy
(1416.7#295 mg/kg), 7174(1078.1+354 mg/kg), &F(1166.1+33.2 mg/kg), @AW
(1100.7£21.3 mg/kg), Z(793.4+9.8 mg/kg), T+ (758.3+16.1 mg/kg), 712](735.7+28.1
mg/kg), ] (7182+22.2 mg/kg), ST 7(699.8+22.5 mg/kg), U (527.0+33.6 mg/kg), F+
(41344225 mg/kg), Wr(361.1+11.1 mg/kg) o= ko] AA yEyh Mg
T POl @=Fd wlalste] oF 1/39 FElE AFHASH, ofe duyA el
ATP7} F-x2 o= obgst & & s Mgd 1= Adste] ATP-Mg 5324
A el E=A87] wEel yebd A3 ® B oItk Sneddon 5(2017)o] wEw #w|
Mge] §&=+% 314+41 mg/kgo® & A7 FAS FEUS Fsiar ¥ 963451
mg/kg, @1 421+118 mg/kg= Al5W¥ Z}o]& H ATl Jakobsone & (2015)2 H 2] ol A
1157.1+89.3 mg/kg, #ElolAl 1365.5+120.3 mg/kg, Kim 5(2004)2 &n| 2 wujo]x
Z+7} 10644 mg/kg, 373.8 mg/kgl®= Bt om olelg Ai= AujgtAe] wE
2ol 2 Aethekgl

Ca A= Alxe] A3 £9 S dofstm Aol wol 4 3 Ao Fa

=
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Az 25 2 dH9 o) 5 49 tiAate #Fostti(Weaver, 2006). Cael 3

o e FAEdA 3594 mg/kgl ® VY =kor, S447F 549 mg/kgl ® M

A ERIEAT Kim 5(2004)e] w2 dw) 9 wino] Ca 2 1260, 831

Adkel frAbston, Sapet wul= FjAoR U HEH A

Jakobsone 5(2015)> Ca®l 35S HE] 375.6+100.5 mg/kg, 72 766.8+224.7 mg/kg
o® Hidte] FuelA fFEHE SR vl =2 sow Sl

OEds $ M e o 89Y Nad HEdA 448 mg/kgo® THE

o1

ol AlmES Hit 68(718)720.6(%) mg/kg W

B gAR FEoR U Nag A9@ g@didd dudon w4n FH
wul W gde] A¢ Anlo] wal o 500 o4 W e BRlalmd, v
Fol £A5] EAsE BN EAHWA T ARt &
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Table 9. Macro elements content in 12 kind of grains unit: mg/kg
Proso Buck Foxtail White Glutinous Brown
Oat ‘Wheat Barley Sorghum Maize Adlay
Millet wheat millet rice rice rice

ARG XBERP BE2HOTF 215106468 FTORSIT O RBTSHMUE  AR192190°  WBT6H0F BRI 99414192 11459+3H10 2050604414
: 4007 834073045  14DB75IR24  15R0OVI8A 2410843042 266274761 1212610082 1212674022 1431831196 6024715469 7609727465 721.0728994
3IA0541T 208971° 04915504 RH0:BI RVRIUBTE ZBOBLET BABLTE RVO5AIE 8013530 115092407 108424484 22704630

v 266274308 10563986 1038 17300007 19476001002 163155448 &KRI6000 KIEV9 183663/ H61 MAIEBS 5673221 8180734019
TH.7+281° 527043360 7182+¢222°  10/1xH4  14167+05  783161° 608+225  11661+3BX 793.4+9.8° 3BLIHILIE 4134225 11007213
e 4813711183 1265716197 3125719177 6666716  7HOI1HM3T7 4761715026 178371317 1783718126 454171012 166677027 1625714741 3214714769
D412 1447557 2407458 784+33" 1182:2.6% 96£1.8° 5494527 605+1.5% &64+1.5* 61.3:09% 660:15" 1121446

« 246.07519.0 HM1"515 0086414 506471603 846271606 3867170.3 547314.0 547830 4067160.7 3727841 4897167.2 28472799
68407 89:0.4" 4822 1864224 91+05° 90:0.3" 11.01.2% 760.1° 20606 16743 116404™ 1944117

e 177197 427196 1271729 28821 497206 357299 6979.3 6.3795 1047375 617831 137255 547604

DValue are mean * standard errors of measurements

YMin~max

9The superscripts (a-g) in a column represent significantly different (p < 0.05) figures by scheffe’s multiple range test
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Fig. 4. Comparison of macro elements content in 12 kind of grains
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ol
=7 dAEe Hlwstel S5 JhaAEe] tEddad RS v fs) o
Fm aap, Azt W3z, Al DF(SEaAd, dvagd), SR
=, Wag, WEdas, AR Rt AR &
#2438 A3E Table 10 % Fig. 59 A A3} t}.
A Ay gdEFda Hir $ES Na 3364.2+301.1(H+%F22H) mg/kg, K
P 1192.4+60.0 mg/kg, Mg 273.6+19.5 mg/kg ¥ Ca 218.6+45.3
K3 Mg2 9% =7 7Fe#FolA dAse 2dael FdstA =25

u, 7hE A E A 7HE =A e

K2 vd=o A Hit 23461 mg/kgl = 7 =2 T3S Hion dulAlg
A 19629 mg/kg, D=5 17885 mg/kg o= UEETE #Wu] ZhEAEQ] W]t
2 2 A gol A 1072.4, 1027.1 mg/kglE Hlu A v FEFS gty o o]
= FEdARY gEFds Ao Mo K F=rF Waky] wiiEol A selA
7119 Ao® AtREY. Shin(2004)8] Aol A Az vpadle] FrlE 3
A A3 Ko gheFo] 2363.672550.1 mg/kgl 2 HEHO 2 A48 FASE

Mge QAR 24 A3 wad B gaon A%wE An), vw, g7 go|

% AMREA ST ATAEAAE VS AHOR ek dAvE ARE
[e3]
=

gL BATh WS s WE WUTFE 3019 mekgo® AT E

al P
sheFe 2111.2, 2069.1 18|31 14479 mg/kg o= E} 7Fa2Fol vt =2 &

Lo ug

M
o
f
xR
o
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Ca®l Hvt S FHAFelA 9847 mg/kg S & B} 7h& 2 Fel Hlsto] Fo %o

B xS s glstden, 2 9o 81.6(AWHA)TIT78(S A EF) me/kg W

rr

o

ol

2eo FEFoE(Lee, 2015) 7FEAF F

==

Na® 49 7FeAE 5 H7kst
zkel & gl dtt. oot wd =7 6958.7, 6959.9 mg/kg o=
ol Ao, WHaH(3689.3 mg/keg), AR A (3200.1 mg/kg), v
N & D (24725 mg/kg), B=4(1671.6 mg/kg), Wu Z2H992.7 mg/kg), v IA}
(646.4 mg/kg), T+2=EH124.9 mg/kg) To 2 AF¥ T ZolE HATE
Cubadda 5(2009)& st~ele] K, P, Mg % Ca¢ 3ol 2.06+0.02 mg/g,
1.76£0.03 mg/g, 0.40+0.01 mg/g 2 228+11 mg/kgl & ZQlE R om H oo A
TAE gFdao s dA AR v S Btk Orecchio 5(2015)
A FT S 1 e AHEES % FFHUEZY AFoEZN FE, 45, v
27, BAxy SEEAEd 59 dEdro g3 24390 3] K, Na,
Ca % Mg &2 250, 1205, 5 % 102 mg/kgl =2, =9 k2 331, 409, 133
423 mg/kgo. 2, Hl2=719] gk 635 1986, 69 ¥ 280 mg/kgl. =, B4 $haF
< 131, 682, 237 % 224 mg/kgl 2, S Algde] ke 855, 5245, 123, 160
mg/kg®l #S Flstdint. & A7ZAIe} AolE Blow o= JhEAE Az
ARG dm, grolu GEFUIAS Astetr] g T agel og Atolwm ®Hofxl

.

dr du

KR
L
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Table 10. Macro elements content in 9 kind of grain processed foods unit: mg/kg
White rice Brown rice Wheat Brown rice Wheat Buckwheat
Comn cereal Rice noodles Pasta
snack snack snack cereal noodles noodles
1072.4+121.4%9 1472.8+115.8% 1246.3+54.6™ 1639.6+387.8% 1962.9+56.7° 1027.1£177.0° 17885+133.3% 1755.3+377.9" 2346.1+124.2°
s 591.172299.2% 908.472416.9 916.771589.6 825.276061.7 1645723851 33.772438.6 1132.472977.6 963.475914.7 1549.373184.9
705.1+117.8" 2111.2+187.1° 880.24555® 710.4+107.1% 2069.1+69.6° 867.8+95.0 811.9+49.0 1646.2+228.6° 1447.9+140.1>
: 356.872195.5 562.173476.7 563.871462.2 280.671784.6 17116725214 341.871679.0 5716713274 1167.874283.1 775.572520.9
100.1+21.4°% 542.4+74.4° 201.9+21.6™ 210.4+33.1" 573.1+23.1° 134.4+26.4° 153.1+8.2° 320.7+69.2° 391.9£58.9™
Ve 25473421 116.971180.2 103.07404.7 43.473%6.6 393.87720.3 317391.1 89.472294 185.271105.4 156.07833.7
98.9+42.2¢ 81.6+12.4* 984.7+347.0 177.8+61.3" 82.5%10.7° 103.0£17.3* 115445.0° 166.4+31.2° 150.2+8.5"
c 18.67690.5 20.67201.0 121.774405.5 11.77792.3 42.17170.9 28.37251.5 79.07155.4 83.57467.8 80.77200.6
992.7+298.6" 646.4+290.3" 3689.3+351.4% 3200.1+423.0° 24725+1154.8° 1671.6+485.0° 6958.7+931.6" 124.9+26.0° 6959.9+1102.8"
N 16.574347.4 ND?~4127.0 2024.076939.8 115.575302.2 951.174512.4 87.377126.0 12537124294 38.77304.1 369.0718366.6

DValue are mean * standard errors of measurements
PMin~max

9The superscripts (a-c) in a column represent significantly different (p < 0.05) figures by scheffe’s multiple range test
YNot detected
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2. ICP/MS| 2% mZFd4 4 23

12F 924749 g v Fds 1555 +438 A 3k= Table 11 3 Fig. 6, 739 2t}
A4 A3 At el 100 ng/kg ol AE¥ A4 = Mn(30.783+0.706 mg/kg),

7Zn(19.894+0.176  mg/kg), Fe(18.383+0.379 mg/kg), Rb(9.655+0.210 mg/kg),

Cu(4.278£0.069 mg/kg), Ba(1.927£0.077 mg/kg), Sr(1.233+0.048 mg/kg),

Ni(0.441£0.018 mg/kg) 2 Cr(0.316£0.008 mg/kg)el AL 1 5 Mno] 7} Bo]

=5 A

MnZ A& WellM s5F3 Fd 8ol 749 daz, pHF ¥ =g

2=

U =3 e A5 A @o] EAET AEAE 54 A NHY 2 Fe¥' 53 4

=

Ao w Foys Aor dEA dthKang, 2009). AbgelA= AW 245 24
stA7l= Tes ZHAR o] FEely wE ) A A iabel] wojsta Wy AT x
zjol @Al 71l @k AeelA 101881 mg/kge= 7HE el AEHA e, dv

56.872 mg/kg, ¥ 44924 mg/kg, &5 40.742 mg/kg + o2 HE=H I, S50
A 6662 mg/kge® 7 Al &Q1E Tk Fardet 5(2008)9] <Al ofstw
31 mg/kg, &5 4 mg/kg, & 21 mg/kgl 2 & AT FAE FEolA

AEA A Zne B4R SIS ZohFal WA diEe] P T
o AlEER glgh A 12.70(55)72843(& ) mg/kg HER vl FFo =
gl H At} Fardet 5(2008)2 ¥ 26 mg/kg, 35 17 mg/kg, & 16 mg/kg o =
B Aok AR ol AT

AE0 54 Y A S54E Al AFAEN 98-S &= Fexs Mn, Cu

R Zny ARG or Fod dFS TS ¢ JH(Kang, 2009). 1€ 37.687

Collection @ chosun



mg/kg, 7174 31.959 mg/kg, &5 30.868 mg/kg & AZEHJAow, &Hwl 9190
mg/kg, 2 3.614 mg/kg, M| 2.849 mg/kg o2 nFo| A FoFHow o sk
o2 Yetwr Fed %2 pH7F @2 ESoly =0 @Wo] EXlste Aoz ¢

2l Mn#e] 2348 = FA pHAAA P 584 3= Jul= AT
A Fod S S 4 AtH(Souma, 1985). ¥ Aol A= v Mnol $Fo]

A7) Wil Mnzhe] Agag oz Qa) Feol o] w7
t}. Fardet 5(2008) ¥ 32 mg/kg, <55 15 mg/kg, &
A9 B oAdsh Aol gllen, Kim 5(2004)2] ool
M dnl 132 mg/kg, M 80 mg/kgo® A FFEo @ el th Kim
(1997)¢ll ©J3}H Ferb E™ellA 9817145 mg/kg, U7HFolA 36075.04 mg/kg &

2 A A Fr1de] Edd A skl

lo

=

Rbe tiite] AFol sl s AFFSFAEA L7 del A m2A &
Hf 2 FolA F2 ZEI dddo] dvx dEA v A EEE Fgrt #
I 25.879+1.888 mg/kglZ 7H Wol shREol AN, SF7F 4.378+0.365
mg/kgO.2 7 e FFo|qth Cux Mol 852040.122 mg/kg o HE Bol
HAEHY 2 71, A=97E 22 7.014+0.320, 6.707+0.198 mg/kgl.2 1 FHE |3
t}. Fardet 5(2008)& & 3.7, &4 24, & 29 mg/kgolgta 3o, 7|& A
oA He Cu T#HS 3590 mg/kg(Al-Gahri and Almussali 2008; Hussain et
al., 2010; Suchowilska et al., 2012)¢] H = H A9} H|=3 #5072 AEHY
o 7189 A9 78 mg/kgl 2 FAFSE ol ITHPILAT et al., (2016).

Nie= #HE, A, 718 A 2+2F 1.724, 1481, 1.467 mg/kg = E} A5 H]3|
el or w2 ks g2letda Sro Bae #E 5177, 5683 mg/kg, 2 2.177,

6.877 mg/kg, 27 3423, 3906 mg/kgl 2 =L F£ZS AP v FYA S
o o r Y FHELS YRR R Wi &et A, B, U= 3
olE A, FFE Zn, Fe, Cu, Mn, Mo % B2l $3 FFdoln, we o p,

K, Ca, Mg % N AFsdvan ¢#Hx Jom(Demirbas, 2005), Dewettinck &
(2008)e] =, d) s B 2 AT = Fe, Zn 2 Cud T3 3592 &+
Hrkar skl
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n el Bt kel 100 pg/kg ol HE¥ ¥4 = Ga(0.070+£0.003 mg/kg),
Co(0.034+0.002 mg/kg), Se(0.017+0.0003 mg/kg), Cs(0.017+0.001 mg/kg),
Li(0.005+0.0004 mg/kg), V(0.005+0.0003 mg/kg)lAtt. Se, Co & V& A 94
AR FEE SPA(WHO, 1996) the dYdas dAs 444 Ta4do= 4y
AA gskom Ag JGarE EF 3

49 100 pg/kg olsk vl dda
A 0.23340.016 mg/kg= 7 =L #Holdx I vgo=zE 7A8(0.196+0.011
mg/kg), H2(0.144+0.005 mg/kg) vz AEH o F=2 wWFoA =A YEITS
e (0.013£0.001 mg/kg), &(0.007£0.001 mg/kg)olA A HEH A=
H zlolE H AT Cot wWiEAlAl 0.236£0.009 mg/kgl2 71 =2 #hs g21s)
Gtk See AP 0.027 mg/kg, WEI SFoA Z+7; 0024 mg/kgE =& AIE
gttt Aol mFomE: 3k kst 285 yYEids 942 Sed TAHE

[e) =
Hodkg A5x4,

]
-
30,
rr
o
Mo
&
o|N
X
N
L
%0
N
a
Q

B

[N}
(@)
—_
B

T Hud 52 FEFE B die Gas EH

=

A s28 24 59 9SS 3 LT H MV =ua
2 dtHRayman 2000; Institute of Medicine, 2001). #12]&= Se vl olyz}

g mgasdE 1 gde fEel B SAHATh

¢
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Table 11. Minor and trace elements content in 12 kind of grains unit : mg/kg
Oat Wheat Barley ll\j/fi(l)lse 2 VEEGC; Sorghum Maize Adlay I;?u?ilt:tﬂ \Y].}Cn;e Glurtiicr;ous B;F)C‘Zn
05240008 0300:0014°  0317:0015" 0313:0007  0353:0007° 024910008  0409:0062°  03B34000F  0237+0008 03030004  0.296+0.004° 0.319+0.006"
o 020170217 001271.114 0145120 014270530 021170467 014370441 00475663 013370619 011570662 013070508 017370606 0077050
JOLBH3DE AP BAR041I8™ 1623740651 BA60567 L2049 666203500 A7LHRF 19070447 714710565 25607 56.87241.682
e RDIUIB 053270668 BIVROB  6P1"6372 1268366 14M4074 2132718809 0B PI6  S5B7TN3L7 15564140 1385HDL56 07027128357
JIRH 2336070 BRIHIGT 3195940932 BB7ELIVT 1RG0 I5724066F  NSRO6NF 791440518%  2849+0.139" 36140208 9.190+0.242
e BIBrO5HA 93297302714 885716240 20054HI77 1730948678 1300 D0 463649407 4664622 1725058 1306711197 1739713924 247721066
. 148140077 015240014 0009+0024°  1467+0080"  L724+007F  0I8140008°  0137+0023°  0340:0018° 0RI+0036°  0I1710010°  0.190+0010°  0235+0018
M 08662871 NDY~0677 ND2.259 064273973 08872633 006070489 001171562 016170746 03497186 005470561 004270633 00267146
6707+019%  4505:0240° 52300107  7014:0320°F  8520:012" 256005 12040085 3401907 5600117 366:0105¢ 307740071 4.001:+0.13¢
c 481879501 0.03679.601 270976 3194713962 52279871 191476152 028660 2316814 3108858  19K61HA 1523588 0.11377.990
A50H0F 195110677 190036 2LM0H06F 2630104967 1270240214 19TBOSPE BABOGF  B25057 1774403100 199DH0B4E 1844940275
- 16071731237 1120273680 120388 16412732820 13520730763 866718453 64348291 6543746008 ND'33664 9363727653 1530727400 621623977
LIS 8304048 8314102167  4488:0222° 144014061 QB0 437803650 10002:047° 899702%° 690903097  8025:0.341° 16550857
i 1299001476 006716509 3938719212 203678410 000434 383423242 040716142 5473719250 34187 120371768 1.3070911 027741.319

DValue are mean +

PMin~max

standard errors of measurements

IThe superscripts (a-h) in a column represent significantly different (p < 0.05) figures by scheffe’s multiple range test
“Not detected
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Table 11. Continued unit : mg/kg
Oat Wheat Barley 1{}312 (; v]iklllggt Sorghum Maize Adlay Fr?u?g:tﬂ VZ].}éige Gluririicr;ous B;.OC‘ZH

A0S 217700000 3423:007F 07960041 07004 049:0019° 02150027  OSMH00I8Y  LISSH004F 024510009 019910009 1.12120.162°
o 2334767997 005275514 07057679 034871392 029371876 016471103 001870710 03050865 046972495 010170605 008070582  0.023711.814
5683:0.315°  6.877+0.464" 39060148  0859+0.061°  0523x0.034° 0830060 0176:0023' 164240.069° 285008 0207:0019" 0.317+0.029°  1.161+0.073%

b 3360710641 0055716739  0.34279.238  0.32372.039 0.18871.228 029172263 0.01071.175 081772419 0.16074.614 0.05171.445 0.11272.718  0.03873.416
i 0.009£0002"  0.006+£0.001*  0007+00004"  0.004+0.0005"  0.009+0.002*  0.006+0.001" 00BOOE' 000008  0.008:0.003" 0002400004 000600001 0.010+0.002°
b 0.00270.083  0.00070.028 0.00170.024 0.00170.021 0.00170.054 0000370049 ND"0.008 ND70.008 00004030 ND0.017 ND™0.011  0.000170.099
QOB00002° 00061000042 0.008+0001®  0.009+0.001°  0.020£0.004° 0000001 0002000 QOR:00001  0.007+0001® 000100002 0.003+0.0002°  0.005:+0.0003®

v 0.00270.007 ND70.018  0.00370.146  0.00470.023 0.00370.098 000080063 0000370023 0000970006 0.00170.059 ND™0.017 ND™0.025  0.000770.018
0.032+0.002  0.019:0001%  OR:00R™  0.088+0.003°  0.236+0.009° 0012+0.001° 00090001  0.029+0002°  0.059+0.003'  0.011+0.001° 000600008  0.016+0.001%

co 0.00970.067  0.000370.050  0.00870.120  0.05470.145 0.12170.377 0.00470.025 0.00170.040 0.01670.079 0.01470.143 0.00470.069  0.00370.017  0.00170.044
019600117 0.233+0016%  0144+0005° 0.042+0.002% 00260002 0080002  000720001* 000001 0.089+0.002 00130001  0.015:0.002°  0.05520.003

a 0.11070.355  0.00370.562 0.01670.326  0.02170.070  0.01070.078  0.01270.070 0000470034 0.03470.081  0.01170.14 ND70.082  0.00470.138  0.00170.154
0.027+0.006"  0.021:0.001%"  Q0L4000B®  0.021+0.001%  0.024+0.001  0012:000I™  0008+0001*  0.024+0.001%  0QISQ4™  0020001% 001700008 0.018+0.001°%

> 001570235 0000370055 0.00670.029 0.01570.030 0.01770.056  0.00470.034 0.00270.024 0.01570.036 0.00870.036 0.01170.038  0.00870.026  0.00270.040
0.069+0008"  0.016+0.002°  00I1400004>  0.014+0.003°  0.024+0.003> 00510005 0O00G0001*  QO0BHOOOI®  00IS+0002® 000400005  00006:00008°  0.010£0.001%

e 0.00770.156  0.000170.060 0.00470.025 0.00370.068  0.00970.083 0.00770.25 ND70.033 0.00270.023 0.00370.10 ND70.035 0.000570.015 0.000270.038

DValue are mean *

YMin~max

9The superscripts (a-h) in a column represent significantly different (p < 0.05) figures by scheffe’s

“Not detected

standard errors of measurements
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Az et 7haA e vEFdAs I AfolE Qe AR (] 2k}, A
b, Bzt SEFA gD, dAnA g D), FeEFEes, e, il e, 92
o] m#EYd A 15%(Cr, Mn, Fe, Ni, Cu, Zn, Rb, Sr, Ba, Li, V, Co, Ga, Se % Cs)
< ICP/OES¢®} ICP/MS& #A1stsl o™ A= Table 12 2 Fig. 8 99 #t}.
I A EOlA Bt FRFol 100 pg/kg ©1d AEE Y4AE Fe(15.239+2.289

il
ol

d

mg/kg), 7Zn(13.209+1.959 mg/kg), Mn(10.284+0.851 mg/kg), Rb(4.260+0.326
mg/kg), Sr(1.794+0.197 mg/kg), Cu(1.576+0.097 mg/kg), Ba(1.253+0.082 mg/kg),
Cr(0.369+0.039 mg/kg) % Ni(0.243+0.041 mg/kg)S=2 Fe’l 7}4 ©B2 o=

Fevw SAlgldo]l 68.338+17.089 mg/kgl & =7 72 E F 7M=& 3

A)TIB954C2 A mg/kg 0% Ml el AT

TOUAR e FFOR A Zn BT SeeAda dvia el 747
56.721, 26.704 mg/kg o ThE A 8.(4.555714.165 mg/kg)ell W&l FojHow &
FFom FAHNUT o= AHES] Add dd BHCR Fe, Zn ¥ Ca 59 =5

g FIEE Astete EAEE I F o= (Jeong et al, 2016) Al LT

7b @l E A Sl ol E ddEy

Mn¢| 4% duA g A datel A 242t 36.666, 22.800 mg/kg o= 755 o
02 Aol vla] Foldes 2 T3S B, dAE dAvdAas =& T
2 AEve] dAReA 198 Ao Attt o 99 Aol M 3865(5 5
A8 D) R.377(M ) B2} mg/kg o2 B8 o w gl g}

1 gt = Rbe] Byt S 1.890(F =) 7.947(A R A E YD) meg/kg, Sr 0.605
(| 2} 21)~3.412(2 #2H) mg/kg, Cu 1.271(M 7] 21)~3.645(F 1| Al 2] &) mg/kg, Ba
0.327( 1] 24 244)72.685(% 2~ E}) mg/kg 22 el gl

R el e el 100 pg/kg olet AEE dAaE Ga(0.053+0.003 mg/kg),
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Se(0.044+0.005 mg/kg), Li(0.031+0.009 mg/kg), V(0.020£0.002 mg/kg),
Co(0.011+0.001 mg/kg), Cs(0.005+0.001 mg/kg)So. 2 &1 A}

Shin 5(2004)¢] Aol A wixdle] mgFela g2 Fe 1.1871.39 mg/kg, Zn
0.1270.28 mg/kg, Mn 0.1970.29 mg/kgo. & ¥ AFqNA tih =& FFo|UT
Nardi 5(2009)2 ®ap 9 spxpto] mFdLs £46991, Se, Cu, Zn, Co,
Mn, Sr, Cr, Ni¢] gr&Fo] #xte] 7% 0.020, 2.5 74, 56, 4.5, 0.060, 0.15, 0.023
ug/g o2 3~Ee A9 0.020, 0.83, 2.1, 1.8, 1.8, 0.35, 053, 0.032 ug/go.& 3}l
ATk 2 Ao AAe} vluwste] "aztel A Cr, Ni, Sr, Se®l 3F vl
A=A AEHASH, Mn, Cu, Cox= @Al FAHAT =3 3t2Elel A= Nj, Cu,
Sr, Sei= =7, Cr, Mn, Zn, Co= YA #HE% At} Orecchio 5(2014)2 o]&g]o}
gl 2epe] njFEFA LR Ay V, Cr, Mn, Co, Ni, Cu, Zn,. Se, Ba ¥ Fe?] st#F&
0.0001, 0.0091, 0.47, 0.0003, 0.016, 0.3, 1.2, 0.010, 0.04 ¥ 1.1 mg/kgo.= =l
EH e FaEre] HlEte] we RS Bdow, o] WAk 0.0008,
0.0268, 1.6, 0.0026, 0.049, 0.6, 4.4, 0.03, 0.38 % 4.6 mg/kge.2 = HAvjs] il =

ol vlal v ol Choi 5(2009)9 Aol ostH Seol &
F2 wE g A 0100 ug/kgo 2 AT a2l 0.039 mg/kghth HWA =A

H9rh AFAFE 49 AFAR AAme FFolu) AxiP % 2uxe)
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Table 12. Minor and trace elements content in 9 kind of grain processed foods unit : mg/kg
White rice Brown rice Wheat Com cereal Brown rice Rice noodles Wheat Pasta Buckwheat
snack snack snack cereal noodles noodles
0.338:0.056°%  0.172+0.024°  15940.115°  0.585+0.075° 0.372+£0.020® 0.175£0.030°  0.168+0.038%  0.099+0.006°  0.125x0.027°
“ 0.08770.709  0.01870.429 1.02772.384 0.23471.284 0.23870.471 0.01570.352 0.04070.683 0.07670.140 0.03670.392
8.377+1.224*  22800+3118°  8290+0.629*  3.865+0.968* 36.666+1.927¢ 7.545+1.339* 6.621+£0.893* 5.955+0.287*  7.232+1.741%
M 2.725718.288  0.133739.700  5.350711.808  0.933712.233  21.765742.040 1.656719.137 2.588713.797  4.95077.819  2.075731.548
6.073+0952*  7493+0.676°  18954+5.146° 68338+17.080° 32.375+6.096°  6.402+0.834*  8859+0.952*  12.804+1.927  15.091+1.166°
fe 1.253713.511 2518711.292 3335763916 44757185921 6918763.140 3125716447  5122722.669 8911735098  8.130726.626
) 0.647+0.243*  0.215+0.096*  0.229+£0.044* 0.560+0.216*  0.370+0.037*  0.112+0.032*  0.196+0.147*  0.336+0.176*  0.122+0.042°
N 0.05473.644 0.02071.479 0.08370.735 0.09773.099 0.23370.676 0.00670.426 ND™2.519 0.01371.995 ND™0.709
1.271+0.147¢  1.694+0.182*  1.722+0.129*  1.813+0.188"  3.645+0.300° 2.197+0.532* 1.386+0.288*  1.688+0.040°  1.303+0.239?
co 0.74972.783 ND¥~2.414 1.21273.099 0.92573.125 1.84175.102 0.33776.561 0.46475.038 1.48471.931 0.37773.424
8.206+737 14.165+1.103*  8075¢1.969" 5672116000 2670444640  8637+0524°  4555+0439"  10.372+1.286°  8.010+0.813°
o 4.543712.755  5615719.798  3.234727.892 15747172819 8.178760.614 5.793713.144  2.37879.041  7.060725.108  4.131713.676
428040949  7.242+1.149™  2.061+£0.322%  2.545+0504*  7.947+0.911°  1.890+0.282%  3.840+0.894* 2.672+0.735" 4.972+0.777™
o 0.430712.508  0.045718.010  0.70975.188 0.55075.767  3.858714.124  0.08474.155  0.839715.371  1.19979.526  1.399713.760

UValue are mean * standard errors of measurements

YMin~max

9The superscripts (a-d) in a column represent significantly different (p < 0.05) figures by scheffe’s multiple range test
“Not detected
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Table 12. Continued

unit : mg/kg

White rice Brown rice Wheat Brown rice . Wheat Buckwheat
snack snack snack Corn cereal cereal Rice noodles noodles Pasta noodles

o 0.605+0.08F"%  0477+0.068"  3.412+0.727" 2.479+0.676° 1.119+0.256° 1.150+0.269"  1.746+0.151®  0955+0.116"  1.746+0.324™
0.13771.049”  0.04971.039  0.789710.699  0.11976.839 049873489  0.21073.394 059473331  0.64372.019  0.42675.322

B 0.327+0.046"  0.759+0.149™  1.990+0.147°0  0644+0143° 08230125 15020388  1.636+0.206™¢  2.685+0.100¢  1.645+0.175™
0.080°0.5%6 019172201  0.85472.928  0.198°1.74 039671979 022374702  0.85474.447  1.96073.278  0.28972.772

L 0.016£0.001*  0010+0001*  0.026+0.004*  0.155+0.100*  0.014+0.002*  0.026+0.005"  0.025+0.007"  0.052+0.005"  0.023+0.006"
0.00770.023  0.00470.024  0.00970.055  0.01071.379  0.00570.026  0.00370.084  0.00370.128  0.01670.087  0.00370.113
0.0110.002" 0007+0002  0.054+0.004°  0.045+0.005¢  0.039+0.005*  0.012+0.003*  0.016+0.003*  0.003+0.0005°  0.019+0.006™

v 0.00370.028  0.00270.025  0.03070.081  0.01070.086  0.00970.070  0.00370.031  0.0030.042 000170007  0.00370.066
o 0.007+0.001™  0.01120.003™  0.012+0.002>  0.0190.004>  0.022+0.003°  0.006+0.001>  0.009+0.001™®  0.003+0.0004*  0.016+0.003
0.00370.014  0.000470.035  0.00470.039  0.00370.054  0.00970.048  0.00270.018  0.00470.015  0.00170.005  0.00370.052

a 0.020£0.003*  0.033+0.005®  0.083+0.006"  0.042+0.007"  0.042+0.005°  0.065+0.013"  0.082+0.010"  0.078+0.003"  0.059+0.010"
0.00670.040  0.01270.076  0.03870.122  0.01270.110  0.02070.074  0.00970.162  0.03170.157  0.05970.095  0.02370.164

o 0.011+0.001*  0.010+0.001*  0.111+0.020° 0.048+0.010®  0.026+0.003*  0.054+0.019*> 0.040+0.005®  0.145+0.022°  0.040+0.007*
0.006~0.018 ND?0.022  0.02170.290  0.01070.158  0.01170.043  0.00770.235  0.01270.086  0.01370.220  0.00770.096

e 0.003+0.001*  0.003+0.001*°  0.004+0.001*  0.008+0.001*  0.005+0.0005° 0.003+0.0005*  0.007+0.003*  0.007+0.003*  0.010+0.002°
0.00170.008 ND™0.007  0.00170.012  0.0020.019  0.001°0.008  ND>0.008  0.00170.035  0.00170.038  0.00370.032

UValue are mean * standard errors of measurements

PMin~max

YThe superscripts (a—d) in a column represent significantly different (p < 0.05) figures by scheffe’s multiple range test
“Not detected
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ICP/MS$} DMAE °©]§3te] 7 12F 9247 dist T4 455 &4 27
= Table 133 2t AEFFH T 479 5% 7|+ Pb 0.2 ppm, Cd 0.1 ppm
olet= Hojglar I o FAH Cd s=E 02 ppm °ldt= AAHHYH
(MFDS, 2018). A& A= 9= =57 24 23 Pb ND70.119 mg/kg, Cd
ND0.062 mg/kg®] A= 7]+A AN&EE $AtHTable 13 ¥ Fig.

l
P
X
_0|L
rr

HE A, BY, o7l Sl o8 ==
I gelA Atk Pbe "ellAl 0.019+0.006
a

mg/kg= ggoz Wl 0.016+0.002 mg/kg, %
0.016+0.001 mg/kg, 4 0.016+0.001 mg/kg o2 Yebgth 71 gaFo] vhe
AEE S92 I 000620001 mg/kgol et 7ol g o] Fit W FE

(0.02170.034 mg/kg)¥} Bludte] H]$=3 FE=o7 AZHJTHKIm et al, 2009;
Lee et al., 2002; Lee et al., 2005).

Cde Hit =S 0.016+0.0003 mg/kgo 2 Pbe}l H|Ld w2 FQlEglom,
7170l 0.032+0.002 mg/kgo = 7Hd =A HAEHAL W3 vEelA HFat 0.029,
0.026 mg/kg, B2l 0.021 mg/kg, A2l 0.018 mg/kg, & 0.017 mg/kg, % 0.016
mg/kg, ¥ 0.015 mg/kg o= FHEEJA Shimbo 5.(2001)¢] Ao o]stH
wiw o] Ph, Cde] st 19.3, 49.7 ng/kg, B &2 27, 22 ng/kge = 2 AF
o} oA Aol7t AT PILAT 5(2016)9] AolA 71%<] Cd s%7F 0.041
mg/kgloZ B At vzt FEolQYh. 5§38 wHR (Triticum turgidum L.
subsp. durum)& thE FEHT ¢ BE CdE FF vt g A ¢l oW (Perrier
et al, 2016), ol#st Cd=F4-2 <AA Ao HdES zdstr] wdl, Codex
Alimentarius Commission (CODEX, 2009) Hd & 0.2 mg/kge
2 A% v} 9lt}l Salama & Radwan (2005)°] €3k Cde] & 0.091 mg/kg, H

rlo
1
i
(@)
o,
o
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1]

ol
nj
Hie
rlo

2] 0.136 mg/kg, ¥ 0.131 mg/kgo.2 HiFol HE AGFAzel vl
Fror HAEHATH
Aol ol s wt F-7]H] A 02 mg/kg °lgt® 7]Eo] A
Fo As $HEFe Hit 0.052£0.001 mg/kgl = 71 B2 dHo=
A5+ @r7F 0.101+0.003 mg/kgel iz, WwH] 0.091+0.003 mg/kg, 2
0.089+0.003 mg/kg o= MFollA =2 dFoz SJAH/JTY. o|H T g2 v
0.265 mg/kg(Zavala et al, 2008), ¥¥ 0.149 mg/kg(Narukawa, Hioki ¥ Chiba
2012) 2 ~#H ¢l 0.149 mg/kg(Sanz, Mufioz-Olivas % Camara 2005)¢] #3 23}
o} wlaste] rxwk 2% pasmati & 0.056 mg/kg(Sanz, Mufioz-Olivas %
Camara 2005)H.th =A velych & Alse 49 Hit 0.004(%55)70.021(A
2]) mg/kg?l HS wo] BoA H AV} FolHor Hol HEE AL & F e
g, EEAts Qe s o2 AsEde 9y 242 =dA Isdoez AuE7)
ol HlAghago] E=vha gl Ath(ee et al, 2005 Paik et al, 2010). Huq
(20002 =€ AuiAAANA EGRT AT Asset AEo] vl
(0.78)7} Atkal Bk uf om Lee 5(2000) #a&dat A dellA 57F4] =
A

SR REE A= Hrhs AP A, AseE AR AdFee dee 2

A
o

al
S BHEHgs B ®nyst 25 AE v A FRAIRAAME WSR3 FEOR
gAY Kim 5200008 AolA HAE=" =7 0007 mg/kg, F+7F 0.005
mg/kg, A5 0.004 mg/kgst ntR AR AAT G F o R Adustgdnh
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Table 13. Heavy metals content in 12 kind of grains unit : mg/kg

Proso ) Foxtail White Glutinous ~ Brown
Oat Wheat Barley ) Buckwheat  Sorghum Maize Adlay ) ) ) )
Millet millet rice rice rice

Q500 0.019:0.006°  0013+0001® 00130001  0010:0001*  0016£0001% 00060001 00100001 00160001  0016:0002F  OOBHOMF  0013+0.001™

Pb
000700  ND0.119 000370089 00080041  000060.030 00030041 000170046 00030041 00030071 00080116 00030084 000270039
00180001 00290001 00210001 0.082+0.002" 002600018 00400008  0.002+00001*  0010:00008°  QOI7+0001* 00150001 0016+0.001  0.012+0.001™
Cd
001170028 000470040  000970.060 0.01170.062 001970.064 000170016  QOB0O7 000670016 00040034 000170051 00030041  0.00270.036
0021+0.002°  0011+0002°  0012+0001® 00070001 00060001  QOIZH000 00000005 00150002  Q0I6:0001°  0.091+0.003°  0.089+0.003°  0.101+0.003°
As
000470045 000270126 00047010 000470028 000270017 00030029 00060086 00047008 000470040 003870177 0.02970.189  0.04270.214
Q00100000 000100001 QOLDHQ00E 00020001 QORQ00B™  Q00Z000B™  0004200005° QO™ 000000001 000BO0002* 00200001 Q00B00001™
Hg

0.00170.001 000047004  ND™0.002 ND™0.03 0000370007 000087002 00004002 000040006 ND0006 0000270011 000170004 ND70.005

"Value are mean * standard errors of measurements

YMin~max

9The superscripts (a-h) in a column represent significantly different (p < 0.05) figures by scheffe’s multiple range test
“Not detected
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Fig. 10. Comparison of heavy metals content in 12 kind of grains
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%ol Pb¥t Cde] dAE 7E& A &35kl Hlustgl
Pbe it S 0.02040.002 mg/kgo® FEAMEL} HRE FEAUT AR
W2 Ax7E 0062 mgkgl®E 7 Be o R QIR Qi S4gA g dol
0.027 mg/kg, W 27F 0.021 mg/kgl.& H KR} £ oz HAEHUTh
Cde IF2©el7} 0028 mg/kge = 7FF Bk ¥4 0.018 m
0.017 mg/kg o= AT Cd F&e] & FRET =2 FFoldd AA
5 WY e Be slor F
Ho] glo] B Wasry 52 Cd FHeR ATk ke v
AA yolxgloli A FEEHE H2AY Jl=F TF 0037005 mg/kg Huye= @
Skl (Chukwujinda., 2012), o]®{E 0.01370.122 mg/kg(Salama and Radwan., 2005),
28] 2~ 0.012670.0143 mg/kg(Karavoltsos et al., 2002)9} H]5=3F FFo 2 ¥

t}. Shimbo 5(2001) U¥ o] xdlz #Ax =7 7132 Fd dste] i 7t=
B =5 vustgd o, w49 Cd e 431 pg/kg, Pbe #e 29 ug/kg
o= Fyo] oA FrjE i = Aage} W] Cd, PhEU W #hs
LA

As®] A9 3t 0.043+0.004 mg/kg ol ar, WAL 0.149 mg/kg, @V
2} 0.078 mg/kg, WA A 0.065 mg/kg, &= 0.062 mg/kgo= & 3 AlF
oA Asgte] trE Azl HlE =A AEHAeH, ol 7 dARY HAT
Fo vzt AEgS JERUATE Sun 5(2009)9] Aol wEW dRoA fEEH
A Aol A vl AgheFo]l 0.19+0.1 mg/kg, ZyAFe A 0.37+0.003 mg/kgel #k
= Bastglon, o= ¥ dAgek Hlauste] £ Fom FQH ATt Munera
Picazo 5(2014)¥} Carbonell-Barrachina 5 (2012)2] <1l o8t o] shf=F 5
Zhell whek 2 Sy 7hEAsR e As grol AdyA 08801 o w FUFgthal B st
of, o213t Ayt= g 7IH Ao dAdksisi.
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Hgo] 7<% %3t ko] 0.001°0.004 mg/kg FFo2 A =9}
FFo R BI3ATH Millour(2011)9] Aol oatw Zgx 2E Z spxele] Ph,

Cd, As % Hg®l & 0.004, 0.012, 0.010 % 0.005 mg/kge = FAS s &

Ak Algld 0.006, 0.005, 0.012 2 0.005 mg/kgo =2 H|A
Ho] YAme] gFow Bt
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Table 14. Heavy metals content in 9 kind of grain processed foods

unit : mg/kg

White rice Brown rice Wheat Brown rice Rice Wheat Buckwheat
Corn cereal Pasta
snack snack snack cereal noodles noodles noodles

002100027 0013+0001*  0.062£0.010°  0.027+0.009*  0.019+0.002* 0.013+0.002* 0.007+0.001% 0.005+0.001*  0.016+0.003
Pb

0.01270.0417  0.00670.026 0.02670.148 0.00770.129 0.01070.033 0.00370.041 0.00370.015 0.00270.010 0.00470.039

0.011+0.003%  0.017£0.004%  0.018+0.002">  0.005+0.002*  0.012+0.001*  0.014+0.003® 00120001  0.028+0.003"  0.012+0.001*
Cd

0.00170.051 ND*~0.059 0.00570.032  0.000870.035  0.00670.021 0.00270.053 0.00970.024 0.01170.038 0.00970.017

0.065+0.006"  0.078+0.008"  0.040+0.003®  0.027+0.004*  0.149+0.008°  0.062+0.021>  0.021+0.004®  0.0M4+00002*  0.027+0.007*
As

0.03970.117 0.00870.141 0.02170.053 0.000970.056 0.10270.175 0.00370.273 0.00570.061 0.00370.006 0.00270.095

0.004£0.0004°  0.003+0.0003°  0.001+0.0001*  0.001+0.0001*  0.002+0.0001>  0.002+0.0006™  0.00120.0001%  0.002+0.0001™  0.001+0.0001*
Hg

0.00170.006 0.00270.007 0.00170.001 0.00170.002 0.00170.002 0.00170.009 0.00170.002 0.00170.003  0.000570.003

UValue are mean + standard errors of measurements

PMin~max

9The superscripts (a-c) in a column represent significantly different (p < 0.05) figures by scheffe’s multiple range test

“Not detected
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Fig. 11. Comparison of heavy metals content in 9 kind of grain processed foods
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oA AIF SRAZIFERAS P HT 67

1=}
B
(201372015)2 A2 2 5 &Esto] AAEF AEF dIdHFHEFS ol &S ATHMFDS,

2018). &-8¥ ddidHF(g/day) datar= wl=tol st ww] 3 w7t 747

14892, 10.19, 848°]0 11, U 0.01, Bl 4.24, S5 247, #¥ 001, A2 075 =

0.69, === 053, &% 0110tk F=ol AA = AA ¥ 7142 35

A= 232 g/day= A&ttt Wit AT 6528 kg & sto] i o

F AN F o7 dne] AAw=EANA

P7IE Wlaske] fsi= HrbE Y

(Table 15).

TF AdAE9 As THEHS Fn 0.101 mgkg, MH 0.091 mg/kg, 2 0.089

mg/kg o2 =g Had AAgs vtger ddxead ks AP

Azt wu) 7k 0208 pg/kg bw./day® 7H4 =& =

]_
=ZS Hegow, 1 vLow H#® 0014 ugke bw./day, @Anl 0.013 ug/kg
b.w./day =22 UEGTH AME Ase dAd=EHE vEH o R Jdx Hrie 2
I} oA ==t 7] 50 ng/kg b.w./day WhH] 047%2] v &= FF2 As fd=

Cdel ddx=Ea2 Wr AlgeA 0.035 pg/kg bw./dayo =2 thE Aol H] &)
w2 mEFoR ey Ay dv|rk 0002 pg/kg b.w./day, 2k 71

o] 0.001 pg/kg b.w./daye. 2 WEFGTH YalEE Cde A =Ectd 75
A A ZFHPTMD 25 pug/kg b.w./months 3% 7|07 #83to] ©

F 12%9 7l=F Y8Ee 5.04%% JEelgor o F 9JeA
Wl ), Bl 3271 Al R7F o (4.98%)S AHA skl IS

Rl
of

Hgol ddxZa w3l wn] 0006 pg/kg b.w./day, &23 dn7} 0.0003 ng/kg
b.w./day, S5 71%o] 0.0001 pg/kg b.w./day’l =& o2 YEeERY. Hgd
Al JA=EdA 7S PTWI 3.7 ng/kg b.w./weeksE 722 3ol 0.0001%

(M2)71.02% (W)= QFARE FEem FlH AT
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Table 15. Daily mean dietary exposure and risk of heavy metals for grains

Estimated daily intake values

Species As Cd Hg Pb
EDI Risk EDI Risk EDI Risk EDI MOE
(ug/kg-day) (%) (ug/kg-day) (%) (ug/kg-day) (%) (ug/kg-day)
Oat 0.0002 0.0005 0.0002 0.02 0.00001 0.001 0.0002 2946.6
Wheat 0.00002 0.00003 0.00004 0.01 0.000002 0.0004 0.00004 13240.1
Barley 0.0008 0.002 0.001 0.16 0.00002 0.004 0.0009 574.8
Proso millet 0.0002 0.0005 0.001 0.14 0.0001 0.015 0.0005 1053.0
Buckwheat 0.000001 0.000002 0.000004 0.000 0.0000003 0.0001 0.000001 345387.0
Sorghum 0.0001 0.0002 0.00003 0.004 0.00002 0.003 0.0001 3842.4
Maize 0.0001 0.0003 0.0001 0.01 0.0001 0.025 0.0002 2274.6
Adlay 0.00002 0.00005 0.00002 0.002 0.000004 0.001 0.00002 311279
Foxtail millet 0.0002 0.0003 0.0002 0.02 0.000004 0.001 0.0002 3018.3
White rice 0.208 0.42 0.035 4.18 0.006 1.02 0.036 139
Glutinous rice 0.014 0.03 0.002 0.30 0.0003 0.061 0.001 368.8
Brown rice 0.013 0.03 0.002 0.19 0.0003 0.057 0.002 292.3
Provisional tolerable MOE = BMDL/EDI
daily intake values 50” 0.83337 0.5714% BMDL: 0.50 (ug/kg.bw/day,

(ng/kg/day)”

children)”

U Provisional tolerable daily intake (PTDI) values

? World Health Organization (1967)
9 Joint Food and Agriculture Organization/World Health Organization Expert Committee on Food Additives (2010)
¥ European Food Safety Authority (2010)
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3R AARY A RS K 24212+406(BA+HF Q.
2) mg/kg, P 2420.0£31.9 mg/kg, Mg 7526+11.1 mg/kg, Ca 114428 mg/kg 2
Na 176+05 mg/kg #o=2 Sk Mg Pel vlaste] of 1/39] o2
5 9ed, oA @919 ATP7F Mg 4 ZolA ATP-Mg 23424 £48o
=4 dehd A% #ustan. 35 AR 9% s B4 A3 7 9ad
TR PF FFS PR wEd £FoE uegoy o %

5o gaRfolA e FEoz FAHUT K, P 2 Mgol 4
el g gl A dmmct of 500 ol vl gasgon oled An: )

1=
»
B 77140l 95t ERZel EAS] EASE APl U Ao B9

FATt.
a5 bAoA Hd gdd4s e Na o 3364243011 mg/kg, K

Nl

1585.5+72.6 mg/kg, P 1192.4+60.0 mg/kg, Mg 273.6+19.5 mg/kg % Ca 218.6+45.3
mg/kg £ 2 AR} tha ZolE Hu AlFE HArE 24 et Na2 2

Soh R Rl Be o HAHe] AFe] AFAAlA WrbE Aol
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of ek dAmIar 2 AnA e del A 742 2111, 2069 mg/kgo 2 2 #®E, Ca

& WAt A 9847 mg/kgo® T2 ThEAEel v fejHo® A AEFHA

o

e
ir

2. vFgda BY A, =37 dAR5AA 100 pg/kg oY HEd
Mn(30.783+0.706 mg/kg), 7Zn(19.894+0.176 mg/kg), Fe(18.383+0.379 mg/kg),
Rb(9.655+0.210 mg/kg), Cu(4.278£0.069 mg/kg), Ba(1.927+0.077 mg/kg),
Sr(1.233+0.048 mg/kg), Ni(0.441£0.018 mg/kg) % Cr(0.316£0.008 mg/kg) o=
sls et Algol whg & 2olE Holow mA=o] obd Fawmold I o
of giFE =2 AL Fledrh Fedl A% m=el &al= ], A dn7t g
A& e A e, ol Bl AeR Fss A tE da
okl Ao w Qg Az AtmHM B A= =o Bol EAdE Ao
A Mnyte] ZA3dAagS ddew FASAT. 100 pg/kg oldt= HE9 o
T Wiel Fob= AE, ¥, Bele] Ga gl folAoer = FdHen 7
I wE e Ag Co7t & T2 Uy

=5 A FAAA et o] 100 ng/kg ol HEE 94E Fe(15.239+2.289

B

mg/kg), 7Zn(13.209+1.959 mg/kg), Mn(10.284+0.851 mg/kg), Rb(4.260+0.326
mg/kg), Sr(1.794+0.197 mg/kg), Cu(1.576+0.097 mg/kg), Ba(l.253+0.082 mg/kg),
Cr(0.369+0.039 mg/kg) % Ni(0.243£0.041 mg/kg)e = AZH Attt Al L FolA
Fe¢l Zne] o] wshom AbgrEe] A4 dg diew 54 77148 “rstet
of dFFAFTo=A ArjE I glof AEE AolE HAth Hit FFo]l 100
g/kg ©°lst A=¥ HAE Ga0.053+0.003 mg/kg), Se(0.044+0.005 mg/kg),
Li(0.031+0.009 mg/kg), V(0.020£0.002 mg/kg), Co(0.011+0.001 mg/kg) %
Cs(0.005+0.001 mg/kg) o= 1= A TH

o

3. Tu% 4F(Ph, Cd, As % Hg) ¥4 A¥, dAEA As 0.038+0.001 mg/kg

> Cd 0.016£0.0003 mg/kg > Pb 0.013£0.001 mg/kg > Hg 0.002+0.0001 mg/kg <=
o7 eyt F7Fo FFE 7|FS Pb 0.2 ppm, Cd 0.1 ppmo]3d}, Hi} 2o
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mg/kg, & 0.089+0.003 mg/kg wToE TE FF HF ko] HE
(0.005470.021 mg/kg) =2 FTo= FRAHIL o= & FFede 2 =ollA
AN sgo Aujss o] niy

St AHAATE Advkar delA

=45 7FEA R AF As 0.047+£0.004 mg/kg > Pb 0.020+0.002 mg/kg> Cd
0.013+0.001 mg/kg > Hg 0.002+0.0002 mg/kg o2 AT} H|S=3 =50
S1H ik Pbit Cdol A5 W s AFoIN Wit Fel B UEhten As

e

4 FHE 0YE ANE PR FFHO HAFS e AAnEFS 4
& A3k, @Fe] FHo YAshe WMo AANAZ] e FR wa) we

Fo=2 As (0.226 ug/kg b.w./day), Cd (0.038 ug/kg b.w./day), Hg (0.006 ng/kg
b.w./day)®l =EEFS UHEtlY. TEE& 4FoA EF #uje] Y]lojgo] 80%°]%
= Aow SRIHAY. 57 12/ #5859 $55 ddesdd nE fdes o

549%, Hg 129%= YElwow Pbhbe 4% =
FHAAMOE)e] ARl 9 ofo] 7j& F 1 o] #s EAth wepx FF<

5. st Vgl AngE ol gdtel FF 4 AR WAool o
EAA Mo FAstgon TdE geld AR AL TRE N2 54
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Zo weh ¢asdA A wolAlze] g9l Qg AR ol %@t
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%y
Agency for Research on Cancer(IARC)ol A Alghol] w3t wkebAlo] = &3

“Group 1702 Hrkd  wHF frElde]l w2 FEEHSE ERHY

W =9 A% H9$E F7]89] A (organic arsenic, 0As)E, BFAZ A9

;3 Sy A%sk e v AE F7]H]4 (inorganic arsenic, iAs)®E -
S

o} 77184 3gFEddl = arsenite(AsIl) 9} arsenate(AsV)7F Jow, F7|H]| 4 319

+ International

L
oo

¢

>
P>

M
o

ol

5o+ arsenobetaine(AsB)¥} arsenochloline(AsC), dimethylarsinic acid(DMA),

monomethylarsonic  acid(MMA),  tetramethyl arsonium  ion(TMAO)

arsenosugar s °| At}

=i
=

FHoll vA FFES AT T3S 4F arsine, Aslll, AsV, MMA, DMA, AsC
2 AsBe| LDsp 717} 3, 15~42, 20~200, 700~ 1800, 1,200~2600, 6,500 Z 10,000

mg/kg ©]3¢ FAZ Hiag vl JATHEPA, 2004)(Table. 16, Fig. 15). 4yt

F7IH 4 BpgHE o]l YWl A SgERY 5] AFsta FUIM 4 deh=

Ho =z

Fol A=

Aslll= AsVHT 10W] A% =Ao] Zstth(Milstein et al., 2003; JECFA, 2011).

53] MMA, DMA 5 WEstd f7¥4 FERUE 700 A= 549
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(Milstein et al., 2003; Jeong and Kim, 2008).
H v 52 A0 ] Asllzt AsV FElZ S48t ot 7)Aol A
E o e vAgEEe gitgs Assty FaA4s e fUiHAa
Ffrsta vk FrlulA T ASIl 9 AsVe EX+ Absh - 3 9ol ofEdhe
=

Az oA AsI, AbstxldA = AsV7E ehdEl &ejoltt

= Wers

(Masscheleyn et al., 1991; Choi et al., 2009).

AnbA o g ik AES §7]H 2 (AsB, MMA, DMA)®| ghaFo] F-7]H A (AsI
and AsV)e| Rt =Aw & A4 FrIn| Lo FFFo] v A R
=0 4HA Yot (Narukawa et al, 2008, Schoof et al., 1999; Contreras-Acuna
et al, 2013). &g Awjst= =9 EYS P74 2o R 5742 EdET ¥
a0l ol FAol Eol Fo FInA 3peFo] AsIIY whH, Hojup mlrh Aful &
= 37 BEYS Aba =7] wieol == Abst FEQl AsV dHE &4
FH(Yang et al, 2016). @71 EFAA AuE= BE 7|Eo= HA& F582
D3} BERT 500 AE i FrH[A S 10v] o] =2 Aow deA 9l
tH(William et al., 2007; Kim et al., 2012; Meharg, 2012).

218 ®MElE MMA, DMA & TMAOE 27 §5% & dAW §5&L iAs
o vrom HlAsteE T vlE IFo] SHE wEl el Aaste A4S
Bt (Jia et al, 2012; Li et al., 2009; Carbonell-Barrachina et al., 1998; Burld et
al, 1999; Abedin et al.,, 2002). F-A A o= A& B AsV Hit F4&2 DMA
Bl 5, MMAeC] Hl8] 258 ol ®aw vl 9itH(Raab et al, 2007). T3

71814 5 AsVE Q14 (phosphate) #F A & 3F4] (biochemical) 0.2 fr-Alste] ¥e] &

_—

e A=A Uz Axdol AAHom FUHE Aol dow(Meharg &
Macnair, 1992), ol#3d AsVe AI3AHS Holcus lanatus, Calluna vwulgaris 2
Silene vulgarisE X33 T A& FolA &l Avt.(Paliouris & Hutchinson,
1991; Meharg, 1994; Fitter et al.,, 1998; Sharples et al., 2000). o] Fx4 WA

al
UE2 259 AsV §55 AaA7e Aoz FZSdA(Meharg, 1994).
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| n |
HO—— Ag—- OH HO Jk: OH HO—As CHy HO A CHy

OH OH OH CH;
Ag' AsY WM& DA
Aurnrite Arsenalo Mathylarscnato Dimathwylarsinata
CHs O 0
|| e _~OM | _-OM
My —— As* —— CH, M As - e Hyls — .ﬂl.s |T
CHy CHy CHy
TETRA DMAE DhaAA
Tetramathylarsonium kon Dimethylarsinoylethancl Dimethmdarsinoy] acebe ackd
CHy CHy CHy
. o~ ~OH | o ~OH | - L OH
HyC— Az~ e E Hyls — As™ HyC—As*~ ‘-(!)’
CHy CHy CHy
THMAF AsC AsB
Trimetinlarsoniopropionate Arsenocholine Arsenobetaing

Fig. 15. The type of arsenic individual species

Table 16. Toxicity level of arsenic species

Arsenic Species LDsy in Mice (mg/kg)

Arsenhydride arsine 3.0

Arsenite AsIll 15~42

Arsenate AsV 20~200

Monomethylarsonate MMA 700~1,800
Dimethylarsinate DMA 1,200~ 2,600

Arsenocholine AsC 6,500
Arsenobetaine AsB 10,000

% : EPA (Environmental Protection Agency), 2004
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Hl e QA WelA o2 dAAS AXA Hed 53 F
AsVE TF7IY ast7lAE S8 Al f4A 799, S58 F7HAE 244
b oolulel d@o 2R b WA, W, A% ToR olFstil 250 4F
ESHCHWIL et al, 2005). T3k <lAS A= 4+ 49
B

A st X$kgSs doA SAS dEhdth Asll= peptide R @A 9
sulfhydryl 71353 Adstel &5& AsfistH (Wi et al, 2005) AsV 1abde] 3
A FAMAI R QIAEsE Whgol A 1S diAe & Qo] olvA R Qle] it
gt 4= 2t (Finnegan et al., 2012)(Fig. 16).

Aol Ha= wdstyd va AFS S A8 wiEd. dd F5E AsV
© AsIl= FE&4< W3tz dojup deol Yol A AsTIet AsV el &gt&Eo] 44
W, Asllls= FFoll A A4 em mdstso] 5o o3k MMAS DMAR W HH
(ATSDR, 2007). Aol 5% F71H]29] 60~70%+= DMA, 10~20%+ MMA
283 10~30%7F F71R A FHE Wstd $ RF EEo] fiiE AWoR
Al i EHAY dHo R &% wiEEthRyy, 2016). JAZHERE ofy} iR F
oAM= A drtE 713 DMAY MMAZS
HAA Eo7HA Xt 5% FEHjwsl Qlo] tiFE AWe® wiEEwH(ATSDR,
2007; Csanaky et al., 2002, Vahter, 2000).

M Fe wEPEt 5E/19 20 ARE ¥ x=Fe v AR

Ll
s
z

:é

AN

3l blackfoot® & ©F7]s}t
= Aoz d#HA Jduh(DeStefano et al.,, 2010).
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Reduction (As' — AsT)
Oxidation  (As™ — AsY)
Methylation {As]ﬂ g MMAV}

SAM = S-Adenosylmethionine
— SAH = S-Adenosylhomocysteine
AsY as GSH = Glutathione (reduced)
GSSG = Glutathione (oxidized)

Urinary
Arsenic
Metabolites

Fig. 16. Arsenic metabolism in mammalian

Source : Hughes, 2002
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& vy 2 S4sE B2 o] Ay vk (Terlecka, 2005, Kang, 2017).
2 high performance liquid chromatography(HPLC)Y capillary zone
electrophoresis®} #e AZnEd|y EEHo] o]&un ZHEF7|E+= atomic
absorption  spectrometry(AAS) Y+ inductively coupled plasma mass
spectrometry(ICP-MS) & 23t FAEA3IL A th(Terlecka, 2005). 1 <]
o= HAFEES el arsinel®  AH3AZI F gtomic  absorption
spectrometry (HG-AAS; 9A&453H), atomic fluorescence spectrometry(HG-AFS;
AR AEEY) == ICP/MS 59 HAE71= F&ashs Wo] o &5 % g
olAY AF7HA F 3 BAS S B2 BAVIsEC] AMEHAA A, |

g
¢ vre PEA7 5Ye 2 ICP-MSS Holw ¥al 5ee 2t 1A% oA

KeX
TR TE |1

i

A2 vE 18 Z(high performance liquid chromatograph) & A A
HPLC-ICP-MS7F =tH ko] mla shebs Al T88 #471== A2 3l 9l
tHEFSA, 2009).

EE 2477 wEl AN PR Mk FFS BAsEd U T8
@ 29 F shpolth HNOpb 28 A2 ol§ete] Rald A% miseFol #
B e Wold & qv] WE] RS AdAE Fula BA WA 2 Be
olg3tel Wast WS Aol NE o Wik oYW BAER w25

AAg S AR JERTgs FE29 AdES AFEdlorsty ol HEl
deionized water, methanol, acetic acid, formic acid °] 9 At&5 1 Ut}
(Foster et al., 2007; Kirby and Maher, 2002). ©]¢} #& F& &wE o] &3}

FrRlaE FEE 7 U=

WO 2 E sonications  ©]&g LI FEW
(Wshlen et al., 2004; Yuan et al., 2005), microwaveS ©|&3}o] F&3l+= HH
(Kirby and Maher, 2002; Yuan et al., 2005; Ackley et al., 1999; Chatterjee, A.,
2000) & o 7HA FHIE o]&ste] FEohs WHEl vk ofFx 2| Pl
setgs ZElatr] Az e FEEMe FEFHE ol &dte el 7HA

AW Sl ALgE 3 vk
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A2 AR R Y

A 14 AgA5 2 7]17]

=
Iz}, D 2} Al FAEd, drAgd) 304, (s, A
&, Wl =g, gaEd) 60702 F 9% 13578 didez A Algsin T
A% AlZ+= blender (Hanil blender, Hanil, Asan, Korea)® & 3}sle] 4 A7}
A -20C A9 Ys2(MICOM CFD-0622, Samsung, Seoul, Korea)olA] X 33}

At

(

2. Al

2 ATE g8 RE Age EFAY

L = = =

tlo
ol

TUete] ARSI oM, STRTFE
Milli-Q ultrapure water purification system (Millipore Co., MA, USA)d| <2]3}
182 MQ FFo =2 AAH =3 HPLC grade® water(Fisher scientific Inc., MA,
USA)E AH&ataith. Hl4stels A% g9 AHgd JISETFEZ 2> White rice
flour 7503-a (NMIJ, Ibaraki, Japan)& AF&3FAth  F7IH]A4AFQ0  AsI,
(sodium(meta) arsenite; NaAsO,, 99.0%)¢} AsV (sodium arsenate dibasic
heptahydrate; Na,HAsO,.7H:0, 99.9%)+= Sigma-Aldrich (MO, USA)dA] +13}
o] AL&38FR AL, F71H]A2F 2 DMA (dimethylarsinic acid; (CHjz):AsO(OH), 98%)+
strem chemicals (West Chester, PA, USA)2} MMA (monosodium acid methane
arsonate sesquihydrate; (CH3)AsO(OH),, 99.0%)+= Supelco (Bellefonte, PA,
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USA), AsB (arsenobetaine; ((CH3)3As) CH.COO, 95%)¥ AsC (arsenocholine
bromide; ((CH3)3As'CH,CH,OH, Br, 95%)% wako pure chemical industries
(Osaka, Japan)ol A 4384

Chromatography +*&]o] AF8% o]%4S ammonium bicarbonate, ammonium
phosphate, ammonium nitrate 2 malonic acid®]™, =+ Sigma-Aldrichol 4 T
3}t Ammonia solution (Merck, Darmstadt, Germany)= 1% %= 3]4]sle] o] &
Aol pHE =433t}

3. 7171
e HAsEE Ey - 24 98 #dElE AEE 2eRFE7I
(Powersonic 420, Hwashin Tech Co., Seoul, Korea)9} -2
Hanbaek Scientific Co., Gwangju, Korea)E ©]&3le] FZ35th FE58 Alge
AEQJAE 2] 7] (Hanil Science Industrial Co.. Incheon, Korea)E ©]-&3sl%ith. A
2g7F ¢knd Algs HAseEe 28 9 AHEAS 918 communication bus
module(CBM-20A), degassing unit(DGU-20A3R), 22 pump(LC-20AD)7} 12
H A sAAIZrE 23 (HPLC) A]2~®l(Shimadzu, Kyoto, Japan)S AF&3F
th. ICP/MSE A3tst HPLC-ICP/MSE o] &3te] F8s9¥ =& & Hd=

g 21s dAsHT. AFEE Fol wE A2 Hamilton PRP-X100 (250

olr

mmx4.1 mm id., 10 pm; Hamilton Co, NV, USA)S o] &3} t}.

_93_

Collection @ chosun



Bl

=0

H

A 24 43

B!

o
i)
Mo
o
(=)
.l

o
i
Hr

A=

A&7

§-l_

9

oy

iz
Njo

Hr

oy

N

el
700

-

HAE 1%

A%

A

HNO3¥# 5 mM malonic acid(pH 5.6)

B
0|
o

B
fite)

B

el

N
P FESE

f

£ o] &3t &v
50 mL centrifuge tube°l =
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=
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=
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fite)
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KeN
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Sample (1 g)

- Add 10 mL 1% HNO; or 5 mM Malonic acid(pH 5.6)
- Shake for 5 min

Water Bath (80 )

- 1 min. Sonication after 30 min

- 5 min. Sonication after 30 min

Cooling

Below 10T for 2 hour

Centrifuge

- Centrifuge for 10 min at 3000xg

Filteration

- 0.45 um Nylon membrane filter

Analysis by HPLC-ICP/MS

Fig. 17. Analysis method of arsenic speciation in Grains
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Y. HPLC-ICP/MS®l &% H| 4385 £4
=79 HAageE s 9 AFEE column< Hamilton PRP X-100 (250
mmx4.1 mm id, 10 pmo.2 A2 BT AlgEH olFde O 1%
MeOH 3%+ 2 mM ammonium bicarbonate(pH 8.2)9F 1% MeOH 3% 20 mM

ammonium nitrate + 20 mM ammonium phosphate dibasic(pH 9.2)& A}-&3%+

gradient WHo= fIxAL Agvel 1% MeOH 3+ 2 mM ammonium

f

bicarbonateE 072i-7F 100%E A ¥, 272531 BE&u 100%= WA sHA L

WM ske] baseE SHASIAIAY. =3 @ 1%
MeOH 3% 10 mM ammonium nitrate + 10 mM ammonium phosphate
dibasic(pH 9.2)& A8 3 isocratic X2 3 5 mM malonic acid(pH 5.6)& °©]&
gk isocratic &2l %7 37HAE 242 v st vk (Table 17).

ICP/MSE &l AlusE 4 4% A9 m/z = 758 A8t x4l =
ol YArPCI'E dAste] B4 Ao eas dozd F uh B Ao Algd
ICP/MS+ DRC(Dynamic Reaction Cell) W o2 1% AATIAE WHS7FAE
A7Fete] vl A& T5(As)E 91(ASO)E A 2HA Hadel wAl 7hs sl
gy s EzReke 2 S A daol=e Aol AA FAHA ol =

Holl A -3k 75(As") £ o2 gttt

85EZHA FAAZ F Ag 2o

ok

¥
S
>
’_gf.)\}
[
@
15
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Table 17. Operating conditions for HPLC-ICP/MS system

Descriptions Conditions

Instrument LC-VP (Shimadzu, Kyoto, Japan)

Column Hamilton PRP X-100 (250 mmx4.1 mm i.d., 10 ym)
Injection vol. 50 uL

Column tem.(C) Room temp.

Gradient method
D A 1% MeOH - 2 mM ammonium bicarbonate, pH 8.0
B : 196 MeOH - 20 mM ammonium nitrate -
20 mM ammonium phosphate dibasic, pH 9.2
- Flow condition

Time Flow rate Mobile Phase(%)

(min) (mL/min) A B

Mobile phase 0.0 15 100 0
2.0 15 100 0

2.5 15 0 100

85 15 0 100

Isocratic method
@ 1% MeOH * 10 mM ammonium nitrate -

10 mM ammonium phosphate dibasic, pH 9.2
Isocratic method

@ 5 mM malonic acid, pH 5.6

Instrument NexION 300D
RF power (W) 1400
Nebulizer (I/min) | 1.0

Auxillary (L/min) | 1.4

Plasma (L/min) 20

Lens voltage (V) |5 ~ 10

Element isotope PAs

_97_

Collection @ chosun



ato] A

S

S|
ax

Sz 3

T=

w2l 1% HNO3;¥ 5 mM malonic acid©. =

NS z A8}

=

s w41 A vho

M9 FER 05, 1, 2, 5,10, 20 2 50 pg/kgol

S

[e)

I F71u] &<l AsI, AsV e} 71814 AsC, AsB,

S

=)
=4

g 3%

=

247y Egske] 100 ng/k

= o

B

—~
o

wr
B

_vOU
B

Skl et

bz

I8

No
gl
ot
=<
i

°o]-&

[e]

=

7 A (Precision),
F=Z2(NMIJ 7503-a)

A
it

3HA] (Limit of Detection, LOD),

=
=

3}lo

A g4 (Accuracy),
5)

SRAA AT 20N S5t

i

[

9
LOQ),
bioh gEge A%

2124 (Reliability )&

i<

:[L

Fol 108 =
7]

o
31 8

=1
=
it

ko)

I3

514
AE
mh. %9 £dE AW (FAPAS)

(Limit of Quantitation,
[e}

(Linearity)

RTIA

o

ﬁo
B

gate)

3t

S

1—7}-

=

124

20154
— 98 —

RS

g 5]

Analysis Performance Assessment Scheme(FAPAS)<

Powdered Rice®l] o
Collection @ chosun



Fel4 9l

ko3
T

3}o] one-way ANOVA=R E 7 = ¢

S

b1 9

°©

oo B% S B W T = O
o 8 E = X v % o
] 28 T N oA o— o
- - T 2 © of & — Moo
7 r B = o 99" >
g T NoO= 5 wOE
=B wm Qo = He e
D =) [ES[— = :i ~ _
2 W N oML g == Koo
S 4 Ao W00 w | RS
2 do Mo B B [ o =T
~ I
5 8 T W o X% o 2 | o He 4
S o e X He | = o
n ) T olo 3 o
= ¥ do N 4 2w < o T
S = 5 oo °o~ X I m_u o
s W Hog o o 5 7 < B
Z o ojy oo o2 Ealky =
03 ST B 5| ™ I
m o ~ i S E|lw K MM
o 1 N @ Jd = = o o 0| %
e o Be ° e <A | o F O
T F AL - kN ol . E
- © oz, ® . TE 5 5
~ o VAI T :
m = 3 ﬁ__ﬂ =~ ddm do = B 9 g
s T & _ B 2w W T 2
B A oo B ° S
g3 I I B S I L=
o = - M o 4 o
XA = T oo S s L=
I ~ B oms i ~ 7 R
N o BR O# ! 0 —
oF I T SR = =
3 b e T EE T . o £
ﬂ” < o) < % 8 . g = AH A
Exll oy o € B L =
L T i e = S ~
I et = = = & M D o o N
wm X R R R B | I P N Wy x
i mEeffzzs  § g
N T X = o ! .
T T = - o )
T e T 2 8w ox T " B

& (ug/kg b.w/day)
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A 3 A3 € 1F

A 18 FFH visEgE BAY &Y

HlAshekg #8-2AS 98l WA 1% HNOs&dS FE8& = sho] 3714 &8
s vusdr. A WHAlE AREE olede O 1% MeOH 3+ 2 mM
ammonium bicarbonate(pH 8.2)¢} 1% MeOH 3%+ 20 mM ammonium nitrate +
20 mM ammonium phosphate dibasic(pH 9.2)& AF&3t gradient &3] 20 =2,
A A3 6719 HlAFS AsC, AsB, Aslll, DMA, MMA 183 AsV o2 A&
HA 5 ugkg s=0 FEdS
AsCH AsBY peako] tha Eoja vpgkort 1 99 peaks A& A 7t H

Row, 7} ggtee] dig A B Aol JhesAnh e fF7IRlL 459

A7 sk QlZwFEA 9 chromatogram 3ol Al

N
leO

AsC, AsB, DMA, MMA”} Z+zF 1065, 84.4, 96.1, 95.7%, f71¥] 42 Asll, AsV
o] 4% 105.2, 101.4% 2 S1= 9o 33 WEdPE &3 34759%°] ¢+ 4=
4& BAtH(Table 18). Wnl o] QIFEFEALS o]&ato] £ A}, f7]u]4<l

AsC3 AsBe] #&5A okt

- 100 -
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Asl
DMA
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Fig 18. Chromatogram of 6 arsenic species separation using Gradient method

Table 18. Validation of the separation method of 6 arsenic species using

gradient method

Spiking Test CRM (NMIJ 7203-a) Test

Species Corc. Recovery CV Ref. Measure  Recovery CV
(ng/kg) (%) (%) (ke  (ugke (%) %)

AsC 5.06 106.5 3.8 - - - -

AsB 512 34.4 59 - - - -
AsTl 5.17 105.2 5.1 71.1 34.7 1159 3.7
DMA 5.01 96.1 49 13.3 11.8 88.7 4.8

MMA 4.95 95.7 34 - - - -
AsV 5.15 1014 5.6 13.0 11.7 98.3 5.1
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71 Ao ostd o] A A¢l ammonium bicarbonate:= AsC 419 #:
(Ryu, 2016)¢} AsBe} AsIlle] ¥y Fddota B nl glof (2] EF 2] efEet

=

A=, 2009) Fr71H 49l AsCe Z28h7] el AFERE ol AS AlQd F A
o]l 54d @ 1% MeOH 3+ 10 mM ammonium nitrate + 10 mM ammonium
phosphate dibasic(pH 9.2)& ©]-&3}o] isocratic o=z A4S a3t
Ammonium bicarbonateE AH&3sHA] @il GAEuE AREI A3 AsC

Hl&s}ehE 5% 0] w7t 7bsskdl o, Aslll, AsV, AsB, DMA % MMAE %7
106.6, 982, 91.5, 949 2¥]aL 93.1%¢] 3|F&= glHAT 33] whEste] JdAd
= 543 23 34751%% isocratic &8 FAS o] &3 w3 WY I AAE
2E T AATHTable 19).

F WA isocratic &¥FHdL W
AtA o7 wHlErAdo] o HQo A E otA A HA

tn, IE

al
B g84o=2 BAo] 7FEskd th(Fig. 19). 284 isocratic
gzAaxch 28) o] EA A 7H(retention time)o] Eo] A£8%HE WES ®H Yt

st T A S g2 A= XHH v AtH(Bhymer, 2004; Ryu, 2016).
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Fig 19. Chromatogram of 5 arsenic species separation using Isocratic method

Table 19. Validation of the separation method of 5 arsenic species using

Isocratic method

Spking Test CRMINMJ 738B-a) Test

Species Cox. Recovery CV Ref. Measure Recovery CV
(ug/ke) (%9 (%0 ke  (ugke (%9 (%0

AsB 5.05 91.5 59 - - - -
AsIll 5.11 106.6 4.1 71.1 73.2 102.9 3.4
DMA 495 94.9 5.8 13.3 13.9 104.5 5.1

MMA 4.90 93.1 4.3 - - - -
AsV 5.09 98.2 4.6 13.0 12.5 96.5 4.1
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A WA S8z o2 @ 5 mM malonic acid(pH 5.6)5 ©]-&3 isocratic &2
Aoz FA5ATE Zheng 5(1998)> H|AsIstEe] FElE 9 o|s o= 4
Az de AFEEE 27F F714F 655 HESte] 5 FrH| Al Agke 4
H}E dJon, Raber 5(2012)2> HPLC-ICP/MS #4 Al H|AF9 dAE &4
A 7HS gl 223 pH 5-7 MYl A malonic acid®] pKay7} 5.7% pH 5.63 714
7] Wzl £ %9 (buffer capacity)S 7FA™, malonic acid &°l<&2 -14 W
7 A3} (apparent charge)dt< AsV e =2 £&87 34 (140TC oS 7HA&=
EAo] dttar H 3k vl Al 5 mM malonic acid(pH 5.6)& AF-&3te] X3 4
I, AsC, AsB¥ AsIle] #H=E Algko] Hlszsto] 2t peak I+ o] &7Hs3 e
(Fig. 21), W] o] A4 SkA n 438t 65 4 AdolA AsCI AsBe] EAst
Stz wiEel Asle] g2 A &S JAATH 5 mM

malonic acidE o|FA o & ALg3te] AsCH AsBS #1¢3F AsIl, AsV, DMA %

kv

A e

o
ol

F5 o] 8% oluldl AsIl, AsV, DMA 3 MMA 4%°] #40] 7bgshlrh. =gk 3F
Hg isocratic §elEFoR Hup W wEMOR SjEfFHu Hl& o] v
Ao Hged Aoz Atz o] FHF 5 mM malonic acid(pH 56)& &2xHo=
A8tk (Table 21). ey AsColut AsBel $Hrel =7 7haaFolu slx#
Hdos & 2AWE o83 NadetE 2AE ofe Bl

F5Ed 5 ugkegs Wb AR &S AsIl, AsV, DMA, MMAe] 74z}
1783, 1122, 1114 3 835%= 1=tk Asll AF Al FF&rfe] 14 890
2 w2 Iees BHHNTL ddste] 2 T T8 HadeE 24Ss AR

=82S tA HESY tHTable. 20).

i
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Fig. 20. Chromatogram of 4 arsenic species isolated with 5 mM malonic acid

Table 20. Validation of the separation method of 4 arsenic species with 5 mM

malonic acid

Asll

———

DVA

[} 100

0

300

400

< CRM (NMIJ 7503-a) >

Spiking Test CRMINMJ 7B-a) Test
Sxdes G Reovy GV Ref  Meswe Reovey — CV
(ug/ke) (%9 (%9 (ke  (ugke (29 (%9
AsIl 505 1783 48 711 1211 1704 45
DMA 490 1114 3.2 133 151 113.8 3.3
MMA 485 885 35 - - - -
AsV 504 1122 46 130 138 106.1 4.2
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Table. 21. Comparison of chromatogram baseline according to mobile phase

conditions
g M o t
| W By b ol M ]
i 1 T
Method @ Gradient @ Isocratic @ Isocratic
Al 2mM Ammonium 10mM Ammonium
Mobhile Bicarbonate Nitrate + 10mM
B: 20mM Ammonium : 5mM Malonic Acid
phate Nitrate + 20mM Ammonium
Ammonium Phosphate Phosphate
ki k(I
AsC ’
1 w m W w i 0 _H-JTL-M_.@;:.
AsC AsB AsTl

Fig. 21. Chromatogram of arsenic species isolated with 5 mM malonic acid
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U SRel magry BHd HE 44
g olgd B4 Ay AFEFEA WmP

S ICP/MS  ®AA YArPCIE

mebA S tdS HAskelr] $18 HPLC
malonic acid(pH 5.6)5 FE&&m 2 A3} 2

5e U R FEEU WAsel 2% F APsde
&

mM malonic acidE 9]

Aglolom, of g o EATE go

SRS W 1704%= YESE AsIe

1% HNOsg§Hoz FE3 =4
KR

3ol 1% HNOs£dA o 2 FF A

m

=

T
i

F
¢
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F439th Huang 5 (2010)9] Ao olslH F==£&
uf

FEEEO) 9% ol $5F FEO

FZ8&1E 5 mM malonic acid® W73t FA
AsIl 3]+&
w2 ALgEo =X AAFHAS st thFig. 22). wakA v F v A35ke g

B E 93 HF FEE v E 5 mM malonic acid(pH 5.6)& 47353t}
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As(I) DMA As(V)
) } B I
: » -
: ik NI
: Zz i
e BN BEEEICHEE S
Asll DMA AsV
Fig. 23. Recovery by ultrasonic extraction time at 80 C
Table 22. Recovery by ultrasonic extraction time at 80 C condition
' AsI-71.1 pg/kg DMA-13.3 ng/kg AsV-13.0 pg/kg
?‘1@6) Measure  Recovery  Measure  Recovery  Measure  Recovery
ek 0 Geke G0 Geke 00
30 36.688 51.6 12.848 96.6 2.119 16.3
60 43.300 60.9 13.726 103.2 7.813 60.1
90 62.781 88.3 13.925 104.7 12.805 98.5
120 67.616 95.1 12.170 91.5 13.455 103.5
150 66.550 93.6 13.566 102.0 13.325 1025
180 67.545 95.0 12.156 91.4 13.650 105.0
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=
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=

=
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Sample (1 g)

- Add 10 mL 5mM malonic acid(pH 5.6)
- Shake for 5 min.

Water Bath (80C)

- 1 min. sonication each 30 min

- After 120 min. sonication for 5 min

Cooling

- Below 10C for 2 hour

Centrifuge

- Centrifuge for 10 min. at 3000xg

Filteration

- Filteration with 0.45 pym nylon membrane filter

Analysis by HPLC-ICP/MS

Fig. 24. Schematic diagram of arsenic species analysis method in rice
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owazed 244 4%

(1) 32 A (Precision)

HEEA S S B3k AA=E FRlsle Algdow FF8d9S 73] W EA5te] &
Azl gro] ye=x st AREAe AHni=  WolAS(Coefficient  of

Variation, CV%)= YeFH om Asll, AsV, DMA % MMA<9 CV%& 77t 31,
47, 24 2 21% % @A (Table 23).

(2) 244 (Linearity)

H28letE TEE9S T AxRsY 5 point2 AAAS EFelsdlon, 24

d AR wE7F AFAFEAY] s e el HE&5=A FAskivh. As,
A

09994 o] 4ke] S5 ANAE wr)

Hj
593
I

(3) A& (Accuracy)

Q15 gk(certified value)®} =4 gk(observed value)¥2] &

=895 H7Hspiking)sto] gla&s SASAY SAHE s AR HE
H,

elsto] A 4tshe o

off
k1
il
H

(4) A=3ALOD) B 4 FIA(LOQ)

A=A (Limit of detection, LOD)= A& o #A4ULE AT + A=

o b

A wolar, A#E3A(Limit of quantitation, LOQ)E= LODe| 33X wj4E 11y
Alzel tig sEAlE weth 47FA] W A&3keE el LODE Asllol 0.03 ng/kg,
AsV, DMA % MMA°] Zt7 0.02 pg/kgellem, LOQ+= Aslie] 0.10 ug/kg
AsV, DMA 3 MMA®°] z7F 0.06 pg/kg o= 15 1t
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Table 23. Quality assurance of arsenic species using 5 mM malonic acid for 120

min at 80°C with sonication.

) Limits of Limits of Coefficient
Correlation . L .. Recovery
Analyte coefficient detection quantification of variation %)
(ng/kg) (ng/kg) (%) ?
AsI 0.9998 0.030 0.10 3.1 97.6
AsV 0.9995 0.020 0.06 47 105.6
DMA 0.9994 0.020 0.06 2.4 9.2
MMA 0.9997 0.020 0.06 2.1 96.4
OIA
fsV
KT MMA
; K DMA MNA  AsY
ol WWWWW
< 0.2 ug/L mixed standard > < 0.02 ug/L mixed standard >

Fig. 25. Chromatograms for detection limit of arsenic species using 5 mM

malonic acid
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(5) 4173 (Reliability)

% A48 isetE A 2PN AL Rns] A FAd A

WulEH(NMIJ 7503-a)< ol&ste] 43 A3 3Jsac] ZF AOAC 71=<l

70-125% oz FdH A, AL wAzT Axp wolA

>
—~
Q
]
5
g}
@)
)
@
=)
3
]
—~

Variation, CV%)+= AsIl 1.26%, AsV 4.26% % DMA 298% % -3 A& o
< T AAH(Table 24).

(6) =9 5= AP (FAPAS)

P SAAEEHEE FHete wA Hlusdx: W@rp ZR Q)
FAPAS(Food Analysis Performance Assessment Scheme)ol] 2015 12€¥€9] -7}
3lo] Powdered Riceoll o3k F7|v]A XS s om, z-scores -04=

[Z]<2 & wrEete d3s dATH(Table 25).
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Table 24. Inter-laboratory validation of Optimal Analysis Method unit : ng/kg

Certified Measured conc. '\

Analytes Mean+SD
conc. 1V 22) 3? (%)
Asll 71.1 63.3 64.3 64.9 64.17+0.81 1.26
AsV 13.0 13.8 12.7 135 13.33+0.57 4.26
DMA 13.3 124 11.7 12.2 12.10+0.36 2.98

D" Korea Institute of Science and Technology
? Korea Research Institute of Anlytical Technology

3 This study

Table 25. Food Analysis Performance Assessment Scheme (FAPAS) results and

Z-scores
Program Metallic Contaminants in Powdered Rice
Analytes 1As
Date 2015.12
Results sz

(z-score : iAs : —0.4)

“Z-score compares an estimate of the error of a result with a target value for standard

deviation
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ofN
Mo
i
v
X

A 24 FF Mz

1. 5% 9459 vxsss 24 43
F 945 5 A8 107, 71 104, W 104, 2 104, 5 107, &5 107,
Bl 104, S5 104, = 107, 32 154, 99 16567, 9] 1571, F 12F 1351
& YAom HPLCICP/MSE ol &3 wulisisls BAae ddss. 24 23
13571 FFoA FrH a7 25 AEFFEAeH, HiwEEE 0.028+0.034 mg/kg=
EH 4 o] 244(2)TI8YAV)%e] ¥ s Wl go] HAHAT. Al $2le

E
b AgHT Qe wule Eou ke AFFAN 02 mekes e ARt =

B P4 gt gREe] ARdA AsT FHGor] ot &N AFT

Hhel o]l AsVel QItte) el AAH Fam AF WAL AsV & Atz

F5 7Fs stk (Meharg, 1994). 7189429 29 Fv]4 tiv] 13%<9] v]&= &4t
dow fiFo] DMA HEHZ #7184 F 9F 90%9 v&= A} o83

A= Had Fd3E A (Willilams et al., 20052007, Meharg et al.,
2008; Smith et al., 2006; Signes—Pastor et al., 2012; Munera-Picazo et al., 2014).
FEEEE A 0.084+0.025 mg/kg, M1 0.059+0.017 mg/kg, 72 0.044+0.015
mg/kg 2 78 0.020£0.009 mg/kg TOo=2 =A FAHon T vre] Alge] 7
T 0.002(55)70.008(& ) mg/kg W= @S FrnlA S B W]
vis) dvlel FrHla Frh s HEEAe o= navt FE A7 =
of 7] wiEell FHAok FrIH|Ae] wE7F 4 v =g Fske 293
tHWilliams et al., 2007; Sun et al., 2008; Choi et al., 2014).
FHl A9t FUIH A s AHdAE AHE Ay, FHA F=
27b AA S W& wErE F74sl we RP=0.8922 W@ FHS Fhelskol vh(Fig.
26). Kim 5(2013) g FH| 49 F7]H 4 749 APH o R*=0.8409] ¥
€ dekina Baskglon o v vl wdlelA ook Mgk AatE selst
At (Narukawa et al., 2008; Meharg et al., 2008; An et al., 2017).
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Kim 5(2013)2 gb= wiuje} wj=r wn] F F7/H| A A5 T8 H 5714
SE7F gk wiw 0.08+0.03 mg/kg, W= ¥ 0.06+0.01 mg/kgl ® gk win] o
A 7127 o =4 AEEAAL F HlA ] 545-879% FElR, & ATs
s Beks w f§ARe FEoldth g An T(2017)2 129 el s F
Hl A& iH] 565%< F7IHA FFoR, EFre] FriHla #Hat o] 0110
mg/kg(60.1%0) 0.2 7} =& v &S B, 7]17%o] 0.009 mg/kg(40.9%) .2 714
S HER SlEAntar Basiinh =3 ol9l o] F=dl g, B, £, &
;AR v Sol g Friua g% it 0.009(7]17)70.149(FH2) mg/kg o
2 2 AT Hlaste] oA E=2 ol Seo 5(2016)00 fetd ®El 0.010
mg/kg, ¥ 0.038 mg/kg, 717 0.040 mg/kg, 5= 0.030 mg/kg, ®v| 0.032 mg/kg,
gy o, Wujep o] A4 vt
FFom Fluo] 2 A zolE Ktk Kim (2014)2 =79 78| &
sheke] M 0.00170.006 mg/kg, @7 0.10170.111 mg/kg, ¥H] 0.05070.074 mg/kgo.
2 AEYAJvta 9k Zavala 5(2008) v wujo] thdk w3t RA S
&3l Aslliek DMAZF 58 JE= Zlsflon Ft F718a d3e 0.103+0.045
mg/kgo = HA A= F 75%7} 0.138 mg/kg °l3t o= glH i 49t
Williams 5 (2005) ®|=ollAl Aikd #m) 7t Fit 42%9] F71H| 425 st
lom, fF33 WaghulA] B2 Qe ¥inl= A7y 60%¢F 80%E FHrobal Uvhal
3ttt Carbonell-Barrachina $(2012)& ~#H ¢, =+ =+ 9 w39 win] 7|8t
ol AFeA FruAaE BA A3 BE AFAAA FHlA 60% o]dS A
Shtb . W gth Zhao 5(2013)2 market-basket surveys@ F7]H] 4 2 DMA<}
TH & % ke Al dis 7bE AZelE FAg A} oprfotel A ALkE W
njol A9 Fr1maet FHlA AloldlE e AF #A(R=097, n=77)5 HJor}
m=r wu) = F7H 27 H ) 015 mg/kgoll s A ddo R YEhgon
e Wm = ofrfofe} wm wiml o] FIbo] 918ttt DMASE FH]A%ke] #A=
B AQaAEA Frinicks vbdE vs> > ofAloke] =M= 71277t

23ttt Pillai 5(2010)& w9 =o)X indica %=+ japonica subtypeo| <3}
= 10 T ¥ FFTE Avisted BE EFA DMAS H[Eo] Hir 63%

B

FN

A8 0010 mg/kg o= H| =8 FFo=

flo

;O

Ay

R
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(Sun et al, 2004; Li et al., 2015; Chen et al., 2016).
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Fig. 26. Histogram of total arsenic and inorganic arsenic in 12 kind of grains
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Fig. 27. Comparison of arsenic speciation of 12 kind of grains
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Table 26. Arsenic speciation content in 12 kind of grains

unit : mg/kg

Arsenic speciation

Sample DMA MMA AsIl AsV Total As
0AsV iAs? Sum
0.003+0.0002% ND? 0.011£0.005 0.008+0.004 0.003£0.0002  0.020+0.009°Y  0.022+0.009 0.027+0.01
Oat

0.00270.003 ND 0.00370.017 0.00370.013 0.00270.003 0.00570.03 0.00770.033 0.01170.038

0.002+0.001  0.0004+0.001  0.003+0.003 0.002+0.002 0.002+£0.002  0.006+0.005*  0.008+0.008 0.012+0.01

Wheat
0.000470.004 ND™0.004 0.00170.01 ND~0.006 0.000470.008 0.00170.016 0.00170.024 0.00270.033
0.001£0.001  0.0001+0.0003  0.005+0.001 0.001+0.0001 0.001+0.002 0.006+0.0022 0.007+0.003 0.012+0.006
Barley
ND™0.003 ND™0.001 0.00370.008 0.00170.001 ND™0.004 0.00470.009 0.00470.013 0.00570.025
0.001+0.0005 ND 0.003+0.001 0.003+0.001 0.001+£0.0005  0.005£0.002% 0.006+0.002 0.007+0.002
Proso millet
0.000470.002 ND 0.00170.004 0.00170.004 0.000470.002 0.00270.008 0.00270.01 0.00570.011
0.001+0.001 ND 0.002+0.001 0.002+0.002 0.001+0.001 0.004+0.003% 0.005+0.004 0.006+0.004
Buckwheat
0.000470.002 ND 0.00170.003 ND™0.008 0.000470.002  0.00170.011 0.00170.013 0.00270.015
ND ND 0.007+0.002 0.0003+0.001 ND 0.007+0.003% 0.007+0.003 0.011+0.004
Sorghum

ND ND 0.00570.011 ND™0.002 ND 0.00570.013 0.00570.013 0.00570.017

Y0As : Organic arsenic “iAs :

Inorganic arsenic

YValue are mean + standard deviations of measurements
YThe superscripts (a-e) in a column represent significantly different (p < 0.05) figures by duncan’s multiple range test

“Not detected

Collection @ chosun
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Table 26. Continued.

unit : mg/kg

Arsenic speciation

Sample DMA MMA AsIl AsV Total As
0As" iAs? Sum
0.0003+0.001”  0.0001+0.0003  0.002+0.002  0.0001+0.0001  0.0004+0.001  0.002+0.002**  0.003+0.003 0.006+0.011
Maize
ND”~0.002 ND™0.001 0.00170.008 ND™0.0003 ND™0.003 0.00170.008 0.00170.011 0.00170.036
0.001+0.002%  0.0004+0.0005  0.008+0.003 ND 0.001£0.002  0.008+0.003*  0.009+0.005 0.019+0.022
Adlay
ND”~0.003 ND™0.001 0.00270.013 ND ND™0.005 0.00270.013 0.00270.017 0.00470.08
0.003+0.003 0.003+0.002 0.002+0.003  0.0004+£0.001  0.006+0.004  0.003£0.004*  0.009+0.008 0.011+0.003
Foxtail millet
ND™0.005 ND™0.007 ND~0.007 ND™0.003 ND™0.013 ND™0.009 ND™0.022 0.00570.016
0.007+0.005 ND 0.057+0.016 0.002+0.002 0.007£0.005  0.059+0.017¢  0.066+0.022 0.084+0.023
White rice
0.00170.019 ND 0.03970.091 ND™0.006 0.00170.019 0.03970.097 0.0470.116 0.05270.133
Glutinous 0.008+0.004 ND 0.043+0.014 0.002+0.001 0.008+0.004 0.044+0.015° 0.053+0.019 0.067+0.031
rice 0.00470.015 ND 0.02370.066 ND™0.005 0.00470.015 0.02370.07 0.02670.086 0.02970.146
0.012+0.005 ND 0.079+0.022 0.005+0.003 0.012+0.005  0.084+0.025¢ 0.096+0.03 0.117+0.027
Brown rice
0.00170.019 ND 0.0570.122 ND™0.009 0.00170.019 0.0570.131 0.05170.15 0.06670.158

DoAs : Organic arsenic “iAs : Inorganic arsenic

YValue are mean * standard deviations of measurements

DThe superscripts (a-e) in a column represent significantly different (p < 0.05) figures by duncan’s multiple range test
“Not detected
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A, AvAEY) 307, FEFETE, DRE WWTE s
A< Yo HPLC-ICP/MSE ol 4@ assts B4e Adssic. 24 A3
1357 27 7hE A FolA FriH AT B JEEJ e, HitsEE 0.055 £ 0.042

mg/kg® FH[ A tiH] 11408 =55)765.8(A 1 #2H)%<] H

Az W 7pFAEY] Frin s g dud du) Wujs sjhte g g A
FolA =A dEiEt F5EE AR, dnAgd 0.127+0.027 mg/kg, @nl2
ZF 0.083+0.022 mg/kg, 2= 0.058+0.024 mg/kg, W=} 0.039+0.026 mg/kg =
o2 A dRAFAeH T H&ES FH A tH] 47.2767.1% % tH(Table 27).

Sun 5(2009)¢] Aol ot Wu] FhF AlFol A FH| Aol diE FriR| & A

&8 75.2790.1% o2 AEEUNe 1 e 0107020 mg/kgl®E HEHU
t}h. Amato 5(2011) Ao = L7 &F AF(FE, W7, W, gaehe] F
ZIH AE EA5Fe] FH]A9 oF 05%7F UM A FElR FolFo] 20% FTow

glE 2 Aok Zolrt dfer, o= THEAE WY dAls TR/ vl &
zpolof )3 Ao FAT 4 At} Carbonell-Barrachina 5(2012)& fro}-&4] %
% WzshetE B4 B Foluas DMAE E4 49 650%9 181%% 747}

AA Gl HaEtgal FrIu A g FHla AbololA o] AEaA (R =

08500)% et 71E AT W g JEow s AFEL £3 B FE
o AsE e glom, mREo] s HAo AF Fr] Fejgm mid w

2AtH(Meharg et al.,, 2008a, 2008b; Signes-Pastor et al., 2009).
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Table 27. Arsenic speciation content in 9 kind of grain processed foods unit : mg/kg
Arsenic speciation
Sample DMA MMA AsIl AsV Total As
0As” 1As? Sum

White rice 0.007+0.006” ND? 0.036+0.024 0.004+0.003 0.008+0.006 0.039+0.026%% 0.047+0.029 0.070+0.028
snack ND™0.017 ND 0.001570.085 0.000570.009 ND™0.017 0.002170.095 0.002170.101 0.02470.117
Brown rice  0.008+0.005 ND 0.073+0.020  0.01+0.003 00080005  0.083+0.022°  0.091+0.023  0.124+0.028
snack 0.00270.018 ND 0.02870.103 0.00370.015 0.00270.018 0.03870.117 0.04570.129 0.06070.167
0.0005+0.0003 ND 0.008+0.007 0.0004£0.0002  0.0005+0.0003  0.009+0.007% 0.010+0.007 0.045+0.006

Wheat snack
0.000270.001 ND 0.002270.022 0.000270.001 0.000270.001 0.002670.022 0.002870.022 0.037470.053
0.004+0.002 ND 0.011+0.010 0.003£0.002 0.004+0.002 0.014+0.012% 0.018+0.014 0.041+0.017

Corn cereal
0.00270.007 ND 0.00470.022 0.00170.005 0.00270.007 0.00570.027 0.00770.033 0.02670.059
Brown rice 0.018+0.010 ND 0.112+0.025 0.014+0.003 0.018+0.010 0.127+0.0274 0.145+0.032 0.197+0.049
cereal 0.00470.033 ND 0.06270.137 0.00870.017 0.00470.033 0.07070.150 0.07570.166 0.09370.232

Iy

0As : Organic arsenic “iAs : Inorganic arsenic

YValue are mean *+ standard deviations of measurements

YThe superscripts (a-d) in a column represent significantly different (p < 0.05) figures by duncan’s multiple range test

Not detected

Collection @ chosun
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Table. 27. Continued.

unit : mg/kg

Arsenic speciation

Sample DMA MMA AsIl AsV Total As
0As" 1As? Sum

0.011+0.006” ND? 0.055+0.024 0.003+0.001 0.011+0.006  0.058+0.024>"  0.070+0.027 0.124+0.014

Rice noodles
0.00670.026 ND 0.02770.099 0.00170.005 0.00670.026 0.02970.102 0.03670.118 0.11070.153
0.006+0.005 ND 0.007+0.0005 0.001+0.001 0.006+0.005 0.007+0.0003* 0.013£0.005 0.065+0.002

Wheat noodles
0.00370.009 ND 0.00670.007 ND™0.001 0.00370.009 0.00770.008 0.01070.017 0.06370.066
0.001+0.001 ND 0.006+0.004 ND 0.001+0.001 0.006£0.004* 0.007+0.005 0.049+0.022

Pasta

ND™0.002 ND 0.00170.008 ND ND™0.002 0.00170.008 0.00170.01 0.02570.068
Buckwheat 0.001£0.00004 ND 0.005+0.004 0.0003£0.0004  0.001£0.00004  0.006£0.005* 0.006+0.004 0.026+0.007
noodles 0.00170.001 ND 0.00270.008 ND™0.001 0.00170.001 0.00270.009 0.00370.009 0.02170.031

iy

0As : Organic arsenic

2)

1As ! Inorganic arsenic

YValue are mean * standard deviations of measurements

YThe superscripts (a-d) in a column represent significantly different (p < 0.05) figures by duncan’s multiple range test

Not detected

Collection @ chosun
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Table 28. Daily mean dietary exposure and risk of inorganic arsenic for grains

Estimated daily intake values

Species

EDI (ug/kg-day) Risk(%)
Oat 0.0002 0.017
Wheat 0.00001 0.001
Barley 0.0004 0.031
Proso millet 0.0002 0.015
Buckwheat 0.000001 0.00004
Sorghum 0.0001 0.005
Maize 0.0001 0.006
Adlay 0.00001 0.001
Foxtail millet 0.00003 0.002
White rice 0.123 9.56
Glutinous rice 0.005 0.38
Brown rice 0.009 0.67
Provisional tolerable
daily intake values 1.29%
(ng/kg/day)"
U Provisional tolerable daily intake (PTDI) values = Provisional tolerable monthly intake (PTWI) values
divided by 7
2 MFDS (2014)
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