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Introduction

Persistent organic pollutants (POPs) are globally distributed in various environmental multimedia'=. In 2001,
dirty dozen of POPs including polychlorinated biphenyls (PCBs) and organochlorine pesticide (OCPs) were
registered by the United Nations Environment Programme (UNEP) under the Stockholm Convention **.
Organochlorines (OCs) such as PCBs and OCPs have been used for past decades with large volume in many
countries’. OCs elicit adverse health effects such as immunotoxicity, reproductive disorders and carcinogenesis
%7 Food consumption contributed over 90% of the total human exposure to OCs for general population®.
Because of toxicities and exposure status of OCs, there are several guidelines of these contaminants. Although
the use of OCs has been banned or restricted in Korea, PCBs and OCPs are still present in coastal
environments”'’ and have been found in human tissues''. Infants are biologically sensitive group to OCs
because of the low detoxify capacity with lower body burden than adults'>"*. Most of Korean infants
traditionally consume home-made baby food. Based on the Korean government report, hypoallergenic foods
such as rice, vegetable and fruit are recommended for 6 month infants. Considering essential ingredients for
growth and health of infants, consumption of greasy food such as fish and meat is recommended for over 12
months. In Korea, a consumption rate of breast milk feeding is lower than other developed countries baby food
could be a major source of OC exposure to infants. However, no data are available on OC exposure in baby food
for Korean infants. Therefore, the objectives of this study were to investigate the occurrence of PCBs and OCPs
in homemade baby food and to assess potential risks to Korean infants by the exposure of these contaminants. In
our knowledge, this is the first report on OC measurement in home-made baby food.

Materials and methods

Sample collection

Baby food samples (n=100) were collected from four regions of Korea in 2012. Collected baby food samples
were divided into four subject groups according to the infant age; (1) food for 6 month infant (n=22); (2) food
for 9 month infant (n=29); (3) food for 12 month infant (n=37); (4) food for 15 month infant (n=12). We
measured intake amount of baby food and infant body weight for each subject group, to obtain actual exposure
status of PCBs and OCPs through baby food consumption.

Chemical and instrumental analysis

PCBs and OCPs were measured in baby food samples following methods described elsewhere'*'*.In brief,
approximately 25 g of baby food samples were homogenized with anhydrous Na,SO, and extracted with mixed
solvents of DCM:hexane (3:1) using Soxhlet apparatus for 16 h. The extract was concentrated to 11 mL, and an
aliquot (1 mL) was taken for gravimetric determination of lipid content. Remained aliquot was spiked with
PCBs and OCPs internal standard and cleaned by a multi-layered silica gel column with 150 mL of 15% DCM
in hexane. The eluted fractions were concentrated to 1 mL and were dissolved in 100 pL of nonane for
instrumental analysis. PCBs and OCPs were measured using a high resolution gas chromatography interfaced
with high resolution mass spectrometry. The HRMS was operated electron ionization (EI) mode and ions were
monitored by selected ion monitoring. The recoveries spiked B3C-labelled CBs 28, 52, 118, 153, 180, 202, 206
were 73 £ 9.4% (average + SD), 68 £ 8.9%, 83 £ 8.1%, 77 + 7.8%, 88 £ 9.4%, 78 £ 8.3% and 99 + 9.3%
respectively. The recoveries spiked 13C-labelled DDTs, HCHs, CHLs, HCB, heptachlor expxide and mirex were
99 + 18% (average = SD), 73 + 12%, 91 £ 17%, 87 + 6.3%, 94 + 19% and 93 + 8.2%, respectively. Limit of
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quantification (LOQ) was calculated as ten times of the signal to noise ratio, which ranged from 0.4 to 1.0 pg/g
fw for PCBs and from 0.5 to 5.0 for OCPs.

Statistical analysis

All chemical data are presented on fresh weight basis. The concentrations of PCBs and OCPs detected in > 60%
of samples were used for statistical analysis. Any sample wherein PCBs and OCPs were not detected was given
as of LOQ deviding with root 2. Analysis of Variance (ANOVA) was used to determine significant differences
in the concentrations and EDIs between subject groups. Statistical significance was based on the level of p <
0.05. All statistical analyses were performed using SPSS version 18.0.

Estimated daily intake

Daily intakes of PCBs and OCPs through baby food consumption were estimated using the following equation:
EDI = C x Intake / BW

where EDI (ng/kg bw/day) is estimated daily intake, C (ng/g fresh weight) is the measured concentrations of

target compounds. Average and 95™ percentiles of each compound concentration were used to calculate the EDI.

Intake is the daily consumption rate of food (g/day) and BW (kg) is body weight of baby. Respective food

intake and body weight for each infant age of subject groups were estimated to be 95.9 g/day and 8.53 kg for 6

month, 161 g/day and 9.47 kg for 9 month, 222 g/day and 9.98 kg for 12 month, and 310 g/day and 10.5 kg for

15 month.

Results and discussion

Concentrations of PCB and OCP in baby food

The concentrations of PCBs and OCPs in baby food samples from 4 subject groups are summarized in Table 1.
Six congeners of PCBs and 8 compounds of OCPs were detected in > 60% of baby food samples. However, six
PCB congeners (CBs 128, 187, 194, 195, 199 and 206) and two OCP compounds (6-HCH and HCB) were not
detected in any baby food samples.

Table 1. Concentrations of PCBs and OCPs (pg/g fresh weight) in baby food samples (n=100) collected from
Korea in 2012

Compound Mean+SD 50 95" ((I;j‘t‘lligeer) Fr;ifggy‘”(’% ,  LOQ
CB 28 880 17.1 208 512 035916 (176) o4 0.50
CB 33 207£610 037 184 035323 (115) 75 0.50
CB 44 220+487 035 148 0.35-29.4 60 0.50
CB 52 345£7.06 053 17.0 0.35-37.8 76 0.50
CB 118 149+534 035 480 0.35-52.4 61 0.50
CB 153 360£11.9 071 119  0.71-111 (154) 74 1.00
SPCB 375577 165 171 7.78-270

.p-DDE 516117 101 217 0.71-1010 97 1.00
ppDDT 245+125 234 862 0.71-1228 86 1.00
SDDT" 96.6+328 194 301 3.57-3159

«HCH 428+872 071 202 0.71-70.8 87 1.00
B-HCH 144+346 252 561 0.71-230 87 1.00
y-HCH 662133 112 398  0.71-73.1 (619) 90 1.00
SHCH® 260+488 701 108 2.83-375

trans-CHL 643+ 144 101 274 0.28-99.9 82 0.40
cis-CHL 326783 042 182  0.28-46.5 (141) 87 0.40
trans-NonaCHL 348851 052 150  0.28-63.0 (174) 83 0.40
SCHL 1324280 303 678 1.41-175

Heptachlor cpoxide 128224 071  3.92 0.71-15.2 20 1.00
Mirex 037+£008 035 037 0.35-0.99 16 0.50
SOCP 1404365 488 405 9.58-3380
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*Sum of 19 PCB congeners (PCB 18, 28, 33, 44, 52, 70, 101, 105, 118, 128, 138, 153, 170, 180, 187, 194, 195,
199, 206 and 209); *Sum of o,p'-DDE, p,p"-DDE, 0,p'-DDD, p,p’-DDD, 0,p"-DDT, p,p'-DDT; “Sum of o-, B-, y-
and 6-HCH; 4Sum of oxy-CHL, trans-CHL, cis-CHL, trans-NonaCHL and cis-NonaCHL.

The predominant PCB congeners were CBs 28, 153, 52, 33, 18 and 44, collectively accounting for 63% of total
PCBs concentrations. Similar PCB contamination pattern was found for a previous study for Korean dietary
exposure. Lower chlorinated CBs such as CBs 28 and 52 in rice and vegetable from Korea contributed over
50% to the ZPCB concentrations*'. The PCB concentrations measured in our study were similar to those reported
for fish-based commercial baby food from Spain'®. The predominant ZOCP were p,p -DDE, p,p -DDT, f-HCH
and p,p’-DDD, collectively accounting for 74% of the XOCP concentrations. The predominant p,p -DDE
concentration is similar pattern with food from developed countries including seafood, meat, poultry, daily
products, fruits and vegetables which can be an ingredient of baby food'®"”. Compared to infant formulae from
European Union countries'”, Korean baby food showed different OCPs compound contribution. In Korea, HCB
was not detected in any of samples while infant formulae from EU market showed high contribution of HCB
(51 ‘Vgg It might be the effect of historical usage pattern that Korea have never been imported and produced the
HCB*.

Comparisons between each infant age

Total concentrations of PCBs, DDTs, HCHs and CHLs in baby food samples measured in each consumption
month are shown in Figure 1. No statistically significant differences in the concentrations of OCs for infant age
(p> 0.05), suggesting the contents of baby foods are not variable in each infant age. Pandelova et al. (2011)
reported that infant formulae from EU market also showed no difference between starting infant formulae and
follow on infant formulae. The highest mean value of DDT concentration was found at the sample of 15 months
followed by 12 months, 9 months and 6 months. The highest value of DDTs was found in 12 month baby food,
which included high lipid content food such as fish, egg and daily products. The highest value of PCBs, HCHs
and CHLs were found in the 6 month baby food, each was different sample. The lowest mean and 95th
percentile value of PCBs, HCHs and CHLs were detected in 15 month. The 95th percentile concentration in
each month has high lipid content (3-5%, total mean value: 1%) which contains beef, fish soup, fried fish,
cheese, bread, snack, chicken and rice based on questionnaires from the mother of subject group.
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Figure 1. Total concentrations of PCBs, DDTs, HCHs and CHLs in baby food samples measured in different
consumption month (6, 9, 12 and 15 month). The box plot shows 10th, 25th, 50th and 90th percentiles with error
bars. The arithmetic mean concentrations are given as red bars. The circles are 5th percentile (lower) and 95th
percentile (upper).

Relative contribution of each compound to total concentrations in 6, 9, 12 and 15 months are shown in Figure 2.

DDTs were the major contributor in every consumption month. HCHs and CHLs concentration were decreased
from 6 months to 15 months while PCBs concentration showed almost constant contribution in each month.
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Total diet study (TDS) from China conducted in 2007*' measured the contribution of various food groups
including meats, eggs, aquatic foods, milk, fruits and vegetables to dietary OCPs intake. According to the result
of Zhou et al. (2012), main contributors of DDTs concentration were aquatic food and meats, HCHs
concentration were meats and vegetables and CHLs concentration were vegetables. In our result, with the month
increasing, foods were changed from hypoallergenic food such as vegetables and fruits to greasy food such as
seafood and meats which are sufficient for baby activities. As a result, DDTs contribution in each month
increased because of the meat and seafood additives. Thus, through baby food consumption, babies can be
exposed to contaminants mainly DDTs.

Estimated daily intake

The estimated daily intake calculated for each month. We used the mean and 95th percentile value in each
month group to represent average and high exposure scenarios, respectively. The highest mean and 95th
percentile EDI values were ) DDT in 15 which are comparable to EDI of total PCB in highest exposure scenario.
The EDI values of CBs 118, >’ DDTs and y-HCH were increased with the month while > PCBs, f-HCH, and

> CHLs were decreased from 12 months to 15 months. The dietary exposure to PCBs and OCPs in our study

was three or four orders of magnitudes lower than oral reference dose recommended by US EPA, Health Canada
and WHO. In Korea, contribution of Y} OCPs dietary intake is higher than Y PCBs suggesting Korean baby can
be mainly exposed to OCPs by consumption of baby food.
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Figure 2. Relative contribution of PCBs, DDTs, HCHs and CHLs in baby food samples from
each infant age; 6, 9, 12 and 15 months.

Simultaneous exposure from baby food and breast milk consumption

Considering the lowest baby food intake in 6 months, there might be a simultaneous breast feeding for
fed a baby. We also measured the PCBs and OCPs concentration in breast milk which was the same subject
group. To estimate individual contribution of baby food and breast milk to daily dietary intake, same
compounds except for f- and y-HCH were selected to calculation. According to WHO (2001), the consumption
ratio of breast milk and baby food (3.5 : 1) is sufficient to 6 months baby, using this ratio to calculate the dietary
intake of PCBs and OCPs concentration via simultaneous intake of breast milk and baby food. For 6 months
baby, the calculated dietary intake of breast milk and baby food were as shown below; PCB 118 (9.3 ng/kg
bw/day), > PCB (98.9 ng/kg bw/day), > DDT (701 ng/kg bw/day), > CHL (55.3 ng/kg bw/day), mirex (0.65
ng/kg bw/day), heptachlor epoxide (24.0 ng/kg bw/day) and > OCP (979.4 ng/kg bw/day). Among the
compounds, heptachlor epoxide exceeded the reference dose proposed by US EPA (13 ng/kg bw/day) with a
high contribution of breast milk. It can be suggested that while babies are fed with breast milk and baby food
concurrently, there will be additional health effect to babies.

References

1. Gouin T, Mackay D, Webster E, Wania F. (2000); Environ Sci Technol;34:881-4.

2. Lammel G, Klanova J, Kohoutek J, Prokes R, Ries L, Stohl A. (2009); Environ Pollut. 157:3264-71.

3. Fiedler H, Abad E, van Bavel B, de Boer J, Bogdal C, Malisch R. (2013); Trends Anal Chem. 46:72-84.
4. Rodan BD, Pennington DW, Eckley N, Boethling RS. (1999); Environ Sci Technol. 33:3482-8.

Organohalogen Compounds Vol. 75, 641-645 (2013) 644



5. van Leeuwen SPJ, de Boer J. (2008); J Chromatogr A. 1186:161-82.
6. Moysich KB, Ambrosone CB, Vena JE, Shields PG, Mendola P, Kostyniak P. (1998); Cancer Epidem Biomar.

7:181-8.

7. Noakes PS, Taylor P, Wilkinson S, Prescott SL. (2006); Chemosphere. 63:1304-11.
8. Liem AKD, Fiirst P, Rappe C. (2000); Food Addit and Contam. 17:241-59.
9. Hong SH, Yim UH, Shim WJ, Li DH, Oh JR. (2006); Chemosphere. 64:1479-88.

10.
11.
12.
13.

14.
15.
16.
17.
18.

19.
20.
21.

Moon HB, Choi HG, Lee PY, Ok G. (2008); Environ Toxicol Chem. 27:323-33.

Kang JH, Park H, Chang YS, Choi JW. (2008); Chemosphere. 73:1625-31.

Dourson M, Charnley G, Scheuplein R, Barkhurst M. (2004); Hum Ecol Risk Assess.10:21-7.

Pandelova M, Piccinelli R, Lopez WL, Henkelmann B, Molina-Molina JM, Arrebola JP. (2011); Food Addit
Contam A. 28:1110-22.

Moon HB, Choi HG. (2009); Environ Int.35:279-84.

Moon HB, Kim HS, Choi M, Yu J, Choi HG. (2009); Food Chem Toxicol; 47:1819-25.

Son MH, Kim JT, Park H, Kim M, Paek OJ, Chang YS. (2012); Chemosphere. 89:957-63.

Loran S, Bayarri S, Conchello P, Herrera A. (2010); Food Chem Toxicol. 48:145-51.

Darnerud PO, Atuma S, Aune M, Bjerselius R, Glynn A, Grawe KP. (2006); Food Chem Toxicol. 44:1597-
606.

Galassi S, Bettinetti R, Neri MC, Falandysz J, Kotecka W, King 1. (2008); Sci Total Environ. 390:45-52.

Jin G-Z, Kim S-M, Lee S-Y, Park J-S, Kim D-H, Lee M-J. (2013); Atmos Environ. 68:333-42.

Zhou PP, Zhao YF, Li JG, Wu GH, Zhang L, Liu Q. (2012); Environ Int. 42:152-9.

Organohalogen Compounds Vol. 75, 641-645 (2013) 645



	Main
	Return



