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Abstract

BACKGROUND: This study was carried out to collect
occurrence data on aluminum in 12 type agricultural
products and assess dietary exposure risk to the Korean
population health for aluminum concentration
agricultural products.

METHODS AND RESULTS: Aluminum analysis samples
were performed using microwave device and Inductively
Coupled Plasma Optical Emission Spectrometer. The
LOD(Limit of Detection) for aluminum was 0.851 pg/kg,
while the LOQ(Limit of Quantitation) was 2.838 ng/kg and
recovery was 97.6% for aluminum. The average levels of
aluminum in mg/kg were 0.526 for rice, 0.546 for Korean
cabbage, 1.316 for corn, 6.207 for soybean, 0.549 for sweet
potato, 0.257 for potato, 6.963 for spinach, 1.213 for carrot,
0.524 for garlic, 0.950 for radish, 1.015 for leek, and 3.511
for Welsh onion. The dietary exposures of aluminum
through usual intake were polished rice 89.31 ug/day,
Korean cabbage 33.14 ug/day, corn 0.66 pg/day, soybean
3.72 ug/day, sweet potato 6.86 pg/day, potato 4.96 .g/day,

in
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spinach 45.96 ug/day, carrot 6.79 ug/day, garlic 2.36
g/day, radish 7.32 pg/day, leek 2.23 pg/day and Welsh
onion 43.89 pg/day, taking 0.57%, 0.21%, 0.00%, 0.02%,
0.04%, 0.03%, 0.04%, 0.04%, 0.02%, 0.05%, 0.01% and
0.28% of PTWI(2 mg/kg b.w./week), respectively.

CONCLUSION: The levels of overall dietary exposure to
aluminum for Korean population through intake of
agricultural product was far below the recommended
JECFA level, indicating of least possibility of risk.

Key words: Agricultural products, Aluminum levels,
JECFA, PTWI
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Table 1. Sampling items of agricultural products in
Korean markets

Number Items Number of samples
1 Polished rice (PR) 11
2 Korean cabbage (KC) 11
3 Corn (C) 11
4 Soybean (SB) 10
5 Sweet potato (SP) 11
6 Potato (P) 11
7 Spinach (S) 10
8 Carrot (CA) 12
9 Garlic (G) 11
10 Radish (R) 11
11 Leek (L) 10
12 Welsh onion (WO) 11

Total - 130
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Table 2. Operating condition of microwave instrument

Step Power (Watt) Time” (min) Tempb) (T) Hold (min)

1 1600 10:00 90 10:00

2 1600 10:00 150 10:00

3 1600 10:00 190 30:00
¥ Maximum Watte] Egats A7
® Temp : EEL2%, Hold : BE Lz Rl A7t
Eﬂ gl AEE ARESIIET, 5% Hatol 24X)7F ARt

F AMgsia 717184 S Semping 2 g |

¥ 3% SR42 AL AHT F
Aot FFgHe dFojE BRY 1,000 mg/L (Merck,
Germany)E 5% ZAtof| 3435t & Q38 zr2 A5}
Agelgon, s 59 RISy R AFEEDY,
CRM(Certified Reference Materials)o2 A}t Hut
(NIST SRM 1515) -¢l3te] ARg-3l3ict.
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g3to] A RS BafstGtUS EPA, 1996). A3 A&
Zul AEEA 7. AE 5 SHEUAE 7.1 $2 A
#7101 AR A3 o] o] AR NI 5
fom, “ikE F S5 AR SR A &2 AT eA

A(HoFH), 2014y S Faste] £ste] ALt

E Added with 10 mL of 70% HNOs

‘ Using Microwave

Digestion

‘ Room temperature

‘ 120°C, 4 hours

Added with D.W. 20 g

‘ 0.45 pm filter

Analysis using ICP-OES ‘

Fig. 1. Flow chart for aluminum analysis.
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Table 3. Inductively Coupled plasma Optical Emission
Spectrometer condition of aluminium analysis
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Akl
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Fig. 2. Fish bone diagram of uncertainty sources in aluminum analysis (std; standard solution).
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Table 4. Precision of aluminum analysis in polished rice
) Interday (C.V.%) Interday
Concentration o
1 day 2 day 3 day (C.V.%)
0.1 mg/kg 26 32 15 43
1.0 mg/kg 1.2 1.9 14 27

Table 5. Recovery test for aluminum analysis using NIST 1515

Metal Certified value (mg/kg)

Analytical result (mg/kg)

Recovery (%)

Aluminium 286+9

279.1£2.5

97.6+0.9

Holl= Hot

FAE QAR AT BRoE 2EF AHES A4
F AN 9D B AFS A RRo|A w =
A7} FzAL 57] (20109)' At=E E-8(Korea Centers for
Disease Control & Prevention, 2010)3}%=4d], YAIA&
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(ver 14.0, SPSS Inc., USA)E A}g-3}0] 3x} AlZF =0 w
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Zo o @
HE U WY, DM
UFulE 4ol gt HETAL} A=FRHAl= 790l of
o mEEAe 712712 olgdlel Taignd, BT
0.851 ug/kg, HHeHA= 2.838 ug/kgo 2 A=E3ich &

<] 7&‘%‘*&" 0.01~1.0 mg/kg Ato]9] Hiwoja] zH4g
i, RZ%}\-O] 0.9999 ojiko g Ueh} 923t ML 1
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x@,
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Sl 40 AN D AL A Sistel &
B Amo] GRolE BELAS AT Teld HES

T 7]20= Low leveldl 0.1 mg/kg, High level?l 1.0
mg/kg FEL A7tste] 3w 3o BAsigT 1 2
I BAY apo]o] C.V.%(Coefficient of Variation) 7o)
5% ujqto g oFssl AUAL slelslgtkTable 4). E3F &
20l 348 IS il AFREBA AT}l B
(NIST SRM 1515, 2869 mg/kg)< o]-&3to] =43+ A}
97.6+0.9%°] 3|87} HHE=Ho| w2 C.V.(%)% 5% vl

o= ZEA4EQl1(Table 5), o= AOCACOA AHs= o=
o z=10]
X

X

A BFE 208 ARAA(HE B4
REGMAR(AE TALAN, BE2
4 A3, AATHOR theo] 47 Arjushest A4=
& ohasiect 2l A5 ol

A]Ezwa]oﬂ qw xig ﬂxé OXW*H %
9} AL oA Ao Eﬁ]—E B_O] o7 nHEE A wgA
B ko] BBEE 95% Al=|zolA 0.0004 gof EawE

7HA 3L Qlon g FEEshEL 0.00027} Hk AL ¢HPAe
A N2 W G0 iro] AXSiE, B 158

158] WA 3 5 10 g 158 WA gk o
gotol BRI A7 oldon, Agel Hane
0.0001 go= E3llso gt FE8=+= 0.0000290] etk
A7 A Agol gt P %QE_ 77} 0.0002020]
1, Aladxee] gt g EEEstes 0.00020] itk

FFENO B 4740 24| DA A AMEE AE
O] ery/dat wAA Al i ESEE 290 = stock
solution¥} working solution®] 28%5& o]g3lo] A
TEYEE 4RESiglon, 7 wd AdREESEs 1
mg/kg2 0.0015, 0.5 mg/kg> 0.000099, 0.1 mg/kg->
0.00020, 0.01 mg/kg-e 0.00079 ©]Tk.

7171840 QlojA FATAL Aol FAEA S
ol SHZ3 3] Fagh 2= aQlo] Hrh HgAo
e S4S P8 2 #EgdozRE 54 0.01, 0.1,
05, 1.0 mg/kge 334 wE =H59ch AASE
0.99999, AAIALE AR oAl ol&ste] A3
I, AN EZESE 0.00475, AT 10, A EREs -
0.00489]4ch.

t‘?Lle /\}EH;L__E. E@:]—E.__ 0.005%2 /\]—1—151 _1101-%35:_']—

MBSO A AitE gtel iﬁ“’lx} 1< 5_3}04
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ol EgrlAs 20]9ic) webd AEE BgEetEL o
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Table 6. The aluminium concentration of each agricultural products

Samples N* Aluminium (mg/kg)

Potato (P) 11 0.257 + 0.147” (0.120-0.577)°
Sweet potato (SP) 11 0.549 + 0.389 (0.168-1.077)
Korean cabbage (KC) 11 0.546 + 0.626 (0.186-2.345)
Leek (L) 10 1.015 + 1.153 (0.162-3.529)
Carrot (CA) 12 1.213 + 1.081 (0.304-4.136)
Welsh onion (WO) 11 3.511 + 1.984 (0.372-17.99)
Spinach (S) 10 6.963 + 5.903 (2.344-19.31)
Polished rice (PR) 11 0.526 + 0.348 (0.151-1.016)
Garlic (G) 11 0.524 + 0.215 (0.274-0.877)
Radish (R) 11 0.950 + 1.120 (0.187-4.028)
Corn (C) 11 1.316 + 2.358 (0.171-8.048)
Soybean (SB) 10 6.207 + 5.313 (1.005-18.43)

? N Number of samples
) Mean value+SD (standard of deviation)
9 Concentration range (minimum-maximium)

Table 7. Frequency distribution of aluminium concentration of each agricultural products

Concentration range (mg/kg)

Sample n
x<0.1 x=0.1 x=02 x=0.3 x=05 x=1.0 x=5.0 x=10.0

P 11 - 5 3 2 1 - - -
SP 11 - 2 3 1 2 3 - -
KC 11 - 1 4 3 2 1 - -
L 10 - 1 3 1 2 3 - -
CA 12 - - - 2 6 4 - -
WO 11 - - - 1 2 7 - 1
S 10 - - - - - 6 1 3
PR 11 - 3 2 - 5 1 - -
G 11 - - 3 3 5 - - -
R 11 - 2 2 2 5 2 - -
C 11 - 1 4 1 3 1 1 -
SB 10 - - - - - 5 4 1

o

ulE 1.0000+£0.0101 mg/kg o]tk ESH Axtgho] digt g
FEEE7H1.01%E Ued, e Al dasts 32% i
oo 23+ E|QItHEU, 2010).
7t 59w 9Qlo] A B8 mo|A AAsh= HIE2 AR
X%im 2.6%, FZEHAZ 34.1%, AATA 632%2] Hl&
Holed, olddt Aneiy dFvlE 4 AN 52
EJ ol AATANA 7HE wol 7190%ke & 4= AUSd

SiE & ¢R0lE &
A 5 v ik 12850 gt dFuE Hd 4
E5EE AHEY AIFA 6.963+5.903 mg/kg, F 6.207

+5.313 mg/kg, ¥} 3.511+4.984 mg/kgd| <O = =7

Uepon], 7oA 0.257+0.147 mg/kgos 71 W
S5 HtHTable 6). FHERE i =g AlSA
19.310 mg/kg, & 18.433 mg/kg, tu} 17.985 mg/kg2]
2oz ety 2ulo] 2a]9] Ao disA 0.151-1.016
mg/kg? AE5EE HFtHTable 7). Stahl 5(2011)9] <
ot dFuES 7 EA] o AFolA F 5 mg/kg ©]dt

2 EAsh, o] ¥ "A9f AFok= UFulE o] ok
T TR ASEHe Jo® duA Stk ok sARE
tfstol FEEE dRnlEo] HEE= %= Table 70
B HEe} o] 0.1 mg/kg mIvkE glglon], tjiiEo] A&
oA 0.1-1.0 mg/kg &%= WA HEE ] B T} F
AFsE =220] It ASDTR, 2008; JECFA, 2011).
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Table 8. Food daily intake of each agricultural products
Ttem P spY Ko LY CA? w
Intake(g/day) 19.3 12,5 60.7 22 5.6 125
Ttem s® PRY G R CcAY spY
Intake(g/day) 6.6 169.8 45 7.7 0.5 0.6

potato, ) sweet potato, © Korean cabbage, ¥ leek, °

9 corn, ” soybean

carrot, f welsh onion, 8 spinach pohshed rice,

" garlic, ! radish,

Table 9. Daily mean dietary exposure and risk of aluminium for agricultural products

Sample Al content Food intake Al exposure o PTWI
(mg/kg) (g/day) ug/day ug/kg b.w./day

P 0.257 19.3 4.96 0.090 0.03
SP 0.549 12.5 6.86 0.125 0.04
KC 0.546 60.7 33.14 0.603 0.21
L 1.015 2.2 2.23 0.041 0.01
CA 1.213 5.6 6.79 0.124 0.04
WO 3.511 12.5 43.89 0.798 0.28
S 6.963 6.6 45.96 0.836 0.29
PR 0.526 169.8 89.31 1.624 0.57
G 0.524 4.5 2.36 0.043 0.02
R 0.950 77 7.32 0.133 0.05
C 1.316 0.5 0.66 0.012 0.00
SB 6.207 0.6 3.72 0.068 0.02
Total 1.895 302.5 573.24 10.423 3.65

Corn _Soybean Potato

Fig. 3. Contribution rate of aluminum exposure by agricultural products.
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