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Abstract

The present study was carried out to assess dietary exposure and risk for the infant population by lead (Pb), cadmium (Cd),
and arsenic (As) exposure through modified milk powder and formulas. Analysis of heavy metals was performed using a
microwave device and inductively coupled plasma-mass spectrometry, the method for which was fully validated. Various
samples (n=204), including modified milk powder, modified milk, follow-up modified milk powder, infant formula and fol-
low-up formula, were collected from retail outlets and markets across Korea. The mean contents of heavy metals were Pb
0.0004 (modified milk)-0.010 (infant formula) mg/kg, Cd 0.002 (modified milk)-0.007 (follow-up formula) mg/kg, and As
0.004(modified milk)-0.040 (infant formula) mg/kg, respectively. For risk assessment, daily intakes of heavy metals through
maximum intake of modified milk powder and formulas were calculated and compared with reference doses established by
JECFA and WHO. The dietary exposures of heavy metals were 0.78-1.04 pug Pb/d, 0.65-0.87 png Cd/d, and 2.25-3.00 pg As/
d, corresponding to 2.0-4.5%, 7.1-16.0%, and 0.4-0.9% of reference doses, respectively. Therefore, the level of overall
dietary exposure to heavy metals for Korean infant through food intake was below 20% of the reference dose, indicating a

low risk to infant consumers.
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Table 1. Operating condition of microwave instrument

Step Time (min) Power (W) Temp (°C)
1 10 1000 180
2 20 1000 200
3 10 1000 200
*Ventilation 10 min.
Table 2. Instrument condition of ICP/MS
RF power 1500 W
Nebulizer 0.88 L/min
Auxillary 1.2 L/min
Plasma 16 L/min
Lens voltage 1025V

Pb m/z 207 (Ir m/z 193)
Cd m/z 111 (Ir m/z 193)
As m/z 75 (Rhm/z 103)

Ton monitored (IS)

IS, internal standard.
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Table 3. Body weight and maximum daily intake for infant and young children

Daily intake, max (g/d)

Age Body weight (kg)

Mean A Co.D B Co. C Co. D Co.

<100d 5.0 128.4 137.2 117.0 134.4 124.8
< 6 mon 7.2 137.5 140.0 140.0 140.0 130.0
<lyr 8.9 168.0 168.0 168.0 168.0 168.0

<2yr 11.1 126.0 134.4 100.8 134.4 1344

DCo., company.
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Table 4. LOD and LOQ of lead, cadmium and arsenic analy-

sis
Food Metal LOD (pg/kg) LOQ (ng/kg)

Pb 0.31 1.03

Powder Cd 0.15 0.49
As 0.36 1.20

Pb 0.03 0.10

Beverage Cd 0.01 0.05
As 0.04 0.12

Table S. Reproducibility of lead, cadmium and arsenic analy-
sis in infant formula

Levels" Intraday?
Metal (/o) Tday > day Ty Interday®
0.1 2.6Y 3.2 2.3 14.3
Pb 0.5 1.9 0.6 0.6 6.0
1.0 1.4 2.3 1.3 3.4
0.1 2.5 6.9 3.6 5.2
Cd 0.5 1.5 1.6 2.2 2.9
1.0 1.2 3.3 2.1 3.6
0.1 5.5 29 11.0 9.2
As 0.5 1.8 0.6 4.3 3.2
1.0 0.8 2.6 2.3 2.4

DConcentration of sample solution.

DThree levels of standard solution were analyzed 5 times.

Three levels of standard solution were analyzed during 1-3 d
after preparing of standard solution.

“C.V. (Coefficient of variation, %) = SD / average x 100
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Fig. 1. Calibration curve for quantitation of lead (A), cad-
mium (B) and arsenic (C).
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Fig. 2. Recovery test for lead, cadmium and arsenic analysis.
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Table 6. Lead, cadmium and arsenic content in modified milk powder and formula

Food n Pb (mg/kg) Cd (mg/kg) As (mg/kg)
Modified milk powder 81 0.005 (n.d."-0.017) 0.004 (0.001-0.007) 0.011 (0.004-0.025)
Modified milk 3 0.0004 (n.d.-0.0006) 0.002 (0.0004-0.004) 0.004 (0.002-0.009)

Follow-up modified milk powder 38
Infant formula 14
Follow-up formula 68

0.005 (n.d.-0.017)
0.010 (n.d.-0.018)
0.007(n.d.-0.025)

0.005 (0.001-0.012)
0.005 (0.002-0.008)
0.007 (0.001-0.017)

0.013 (0.006-0.033)
0.040 (0.009-0.287)
0.022 (0.002-0.288)

Yn.d, not detected.
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Fig. 3. Distribution of lead (A), cadmium (B) and arsenic (C)
content in modified milk powder and formula.

ZARR D 2ANE T8 PHYRS F

| EARRS} A7) ZARH

A= FARIE Fobg 2
29
i

U=
X
v

o
B ROIRAT A FR1ke

1>

o o

o
do

N

P

oXx,
ML o

h 2

2
Kl
il

o

H

% ofl 4o
ii e,
ook =
T
2 Lo
R
r 2 — —
oY

)
_[NEF‘F'

=|
pEe
ML 2 g5
rlOr%‘:(m
%
20 58 M
XN O
rj%@:lgmr
o @ =
e

o
2,
dp
jm
l
rlof
i)
o
2
=3
o,
2
K
o
1)



622 Korean J. Food Sci. An., Vol. 33, No. 5 (2013)

(A) 430 0.287
0.25
e 0.20
=
=
E 015
]
e
g 010 0.076
&)
0.05 i
0.011 1 0.005 0.005 0,002 0.008 :
0.00 —— — — ] L
Pb Cd As
Wmilk(12) Omilk/cereal(1) Osoy/cereal(1)
(), sample number
B) 39 0.288
0.25
e 0.20
=
=)
E 015
g
s 0.10
=3
]
0.05
0.012
0,008, 40000 0.006 0.008 Q0020010
0.00 T he— A
Pb Cd
®milk(52) Omilk/cereal(1) Osoy. soymilk(11) @soy, powder(3) ®soy/cereal(1)

(), sample number

Fig. 4. Comparison of content of heavy metals by main com-
ponent of infant formula (A) and follow-up formula

(B).
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Tto 2 HIslon, Kazi 5(2009)x> Hi 7.86 ngke®
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Fig. 5. Comparison of content of lead (A), cadmium (B), and
arsenic (C) by the place of origin.
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© TR AEske AE7F 2442 120 Atk(Fig. 4). 4
718 ZAL Fa8Ee] ARl AT FEDR! A
RO T v Jlei RS BATh b FdoA,
vl2 A7} 7153 (ready-to-eat) FENQ] infant formula®]
FIEES B4 Ay, o480 A6 w 0.35(0.032-
3.04) pg/kg?l B, FoAdE0] FY W 3.39(1.87-6.7) pg/
kgo @ B ATAAXTH F8 o] TY W 7l=F TF
o] =tk B E Itk Dabeka, 1989). ol M S )
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59 7I=Ee 8%t =Fw= whH(Cataldo ef al., 1981),
52 AN §Y8 ASEE F2 9} e R
(DeStefano et al., 2010; EFSA, 2009; Neathery and Miller,
1975) %] 3¢ 571 ANE 59 71=F2] 0.002-
0.004%= o= vjE&3itiar BaEo] ItH(Houpert ef al.,
1997). o)X ¥ T8 7l=F9 XM &0 xfol= 13|
AfuT} T Ak Fo] B Aow AudT
QO =E S Beingte o, B Asel
DA FlAIF] Bt 7h=g ol FUAlEEY =
ol QAR =& A <3 Aol w2 S=E 3
o] olaitt e 4 T B, ZASFE o))
I FUAF EE Gl B vl o
YAREe] 17301071 wizol Hlael] Azl AATHFig. 5).
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itk oF 2-3u) EQiT) ole HJols XAy A%
7] A2 F 22 174("?:14)011*1 0.3 mg/kge] HlA7} 3
ZH7] WEo R o] AES AT A5 A9 HA
SHES 0.1 mg/kg P|TEO 2 Zxﬂ‘:' 859} FAKSE 50190
TH(Table 6, Fig. 3) ZF 7138 Haud ZA R e A4
219] B4 e I HAAY 0.115(0.098-0.130)
mg/kg, A7 FSA 0.005 (< 0.0003-0.025) mg/kg, V= FDA
<0.010 mgkgO & o|H AL AFET} FAFS AL e
29 W THFSA, 2006; Kim, 2008; US FDA, 2010). gk
H, Vela?} Hettkemper (2004)2 infant formula(milk)] H]
2 3ol 0.015 (0.012-0.017) mg/kgeldt Baratdot. o}
ZA, T 5 T ZAIRT B 2AA] HlA ek
B} #38% fAREAY S "ZOV’*E}

AR B A0l FHIA TS A A= 8l
Aq, Tl o - frot #%JZJMOH 714 0.2 mg/ke,
AR S = ¥lA 0.1 mgkeo] AAE o] JATHMOH,
2013). o FAe] HIASHES o] Af 715 vlws}
e W, Foks A 2 AT 2=AA 24 1S Al
3lale =5 0.1 mg/kg T|RHo|Ric).

AFo] FoAARE v SRS ARy ZA 9 A
A7) ZAE = BT 8480 AREA BlA Hudh,
HAEHS 25 Ao FeAEe] Al Foksg =
A 2le] B4 Hat S 0.017 mgkgl 2, o450 9

FIARIAY FAF1)Y WETh B 528 B
ATH(Fig. 4). “ﬂﬂ% A A, FaAEe] A<l
7A9-oF FE AT Tt vl FARIReH, =
s}

F7h Fae zﬂfcﬂw ul2 gl B BEHUT 53
F/EEZ ZAE A7) ZAANAM 7 = u)A e

<= Hoh

AAE Bl FHe AR A, 2AIEe A 9

Table 7. Pearson correlation between heavy metals content of
modified milk powder and formula

Pb content Cd content As content
Pb content 1 0.438**D 0.107
Cd content 0.438" 1 0.232%%
As content 0.107 0.232%* 1

D#xcorrelation is significant at the 0.01 level (2-tailed).
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Fig. 6. Scatter plot between Pb content and Cd content of
modified milk powder and formula made of milk (A)
and soy (B).
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Table 8. Daily dietary exposure and risk of heavy metals through intake of modified milk powder and formula

Metal Mean con. Daily intake” (ng/d) Risk index” (%)
(mg/kg) <100d < 6 mon <lyr <2yr <100d < 6 mon <lyr <2yr
Pb 0.006 0.795 0.851 1.040 0.780 4.5 33 3.3 2.0
Cd 0.005 0.667 0.714 0.872 0.654 16.0 11.9 11.8 7.1
As 0.018 2.291 2.453 2.998 2.248 0.9 0.7 0.7 0.4

DDaily intake (ug/d) = mean con. of heavy metals (mg/kg) x food intake (g/d)
PRisk index (%) = daily metal intake (ng/d) / body weight (kg b.w.) / Reference dosex100
9Reference dose are PTWI 25 pg Pb/kg b.w./wk, PTMI 25 pg Cd/kg b.w./mon, and MADL 50 pg As/kg b.w./d

Ao, YA Fa54 T 1lolle dado]l wAY
AATHTable 7). WEbA], & =
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f 2 A F Y TleE S 7l
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A2 79 v w2 FA AFHE(=0.9300 Ko
(Fig. 6) & s} 71=F & 1] JARAS & 29
SAAGTE 1.1090]}ct. webs, Fo2 ZA|" 2449
A% & ol 1 mgkg 35T B, JI=F IR 1.109
mg/kg Fo1S eIt thh, B Aal= Fo] FUs
A ZA2 147300 AgHE Axjo]7] wjiel] Ko} dwtslE
TE4 9 RS I SEide A4 5
Q1 FEE ofdel HUHA 5o TasE FExt A
A77F F71= deshoh
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51)4
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ox fo of
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Hasteke ZFzE 0.006, 0.005, 0.018 mg/kgo]lom LY
F5E =% 2 0.780-1.040 pg Pb/d, 7H=H 0.654-
0.872 pug Cd/d, B4 2.248-2.998 ug As/do]1THTable 8).
19 F55% =23 2AFAFAT] 7FE =2 olg-1A
MM 7P =L, 19 A=l 126 gd= 7P B 12
AlelA] e Fad =Eio] A=E U

LEgo) W FFE5 YeE(risk index)= g A$
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2~ MADL tH] 04-09%° 2 RF e F£=ZFo|qtt
(Table 8). WebA, F-2jutel & - frokd] AR 2 24
2 HHE Qg FE5 As7Fe 8L Witk 3, Su5
ST el 7Y =& AFtirE Aolg olf=
AT AFEFA L] Aol 3 AoE dAFTS
21327 %] 100 ©]3} A= 25.7 gk bw./dOE
1-2419) 11.4 g/kg bw./dETh oF 2vf 7} =Qhch.
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20435 FAIsk] £4% A3, i FRF B 0.0004E
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om A& RS H 0.004EA)-0.040(F o =
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